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OFFICERS 

OF    THE 

AMERICAN   SOCIETY   OF   MECHANICAL 

ENGINEERS. 

1903-1904, 

FORMING   THE   STATUTORY   COUNCIL. 


PRESIDENT. 
Ambrose  Swasey Cleveland,  O. 

VICE-PRESIDENTS. 

F.  H.  Daniels Worcester,  Mass. 

James  Christie Philadelphia,  Pa. 

John  R.  Freeman .Providence^   R.  I. 

Terms  expire  at  Annual  Meeting  of  1904. 

D.  S.  Jacobus Hoboken,  N.  J. 

M.  L.  HoLMAN St.  Louis,  Mo. 

William  J.  Keep Detroit,  Mich 

Terms  expire  at  Annual  Meeting  of  1905. 

MANAGERS. 

R.  S.  Moore San  Francisco,  Cal. 

H.  A.  Gellis Richmond,  Va. 

Chas.  H.  Corbett Brooklyn,  N.  Y. 

Terms  expire  at  Annual  Meeting  of  1904. 

R.  C.  McKiNNEY New  York,  N.  Y. 

S.  S.  Webber Trenton,  N.  J. 

Newell  Sanders Chattanooga,  Tenn. 

Terms  expire  at  Annual  Meeting  of  1905. 

George  I.  Rockwood Worcester,  Mass. 

John  W.  Lieb,  Jr New  York,  N.  Y. 

Asa  M.  Mattice Pittsburg,  Pa. 

Terms  expire  at  Annual  Meeting  of  1906. 

TREASURER. 
Wm.  H.  Wiley Nos.  43-45  East  19th  St.,  New  York.  N.  Y. 

SECRETARY. 
Prof.  F.  R.  Hutton No.  12  West  31st  St.,  New  York,  N.  Y. 


HONORARY  COUNCILLORS. 

PAST  PRESIDENTS  OF  THE  SOCIETY. 

Thurston,  R.  H 1880—1883 Died  Oct.  25, 1903 

Leavitt.  E.  D 1882—1883 Cambridge,  Mass. 

Sweet,  John  E 1883—1884 Syracuse,  N.  Y. 

HoLLOWAY.  J.  F 1884—1885 Died  Sept.  1,  1896 

Sellers,  Coleman 1885—1886 Philadelphia,  Pa. 

Babcock.  George  H 1886—1887 Died  Dec.  16,  1893 

Sek,  Horace 1887—1888 " 

TowNE,  Henry  R 1888—1889 Stamford,  Conn. 

Smith,  Oberlin 1889—1890 Bridgeton,  N.  J. 

Hunt,  Robert  VV 1890—1891 Chicago,  111. 

LORiNG,  Charles  H 1891—1892 Brooklyn,  N.  Y. 

CoxE,  Eckley  B 1892—1894 Died  May  13,  1895 

Davis,  E.  F.  C 1894 Died  Aug.  6,  1895 

Billtngs,  Charles  E.* 1895 Hartford,  Conn. 

Fritz,  John 1895—1896 Bethlehem,  Pa. 

Warner,  Worcester  R 1896—1897 Cleveland,  O. 

Hunt,  Charles  Wallace 1897—1898 New  York,  N.  Y. 

Melville,  George  W 1898—1899 Philadelphia,  Pa. 

Morgan,  Charles  H 1899—1900 Worcester,  Mass. 

Wellman,  S.  T 1900—1901 Cleveland,  O. 

Reynolds,  Edwin 1901—1902 Milwaukee,  Wis. 

Dodge,  James  M 1902—1903 Philadelphia,  Pa. 

• 
fNote.— According  to  the  Constitution,  Article  C  27,  the  five  surviving  Past  Presidents  who  la^t 
held  the  office  shall  be  members  of  the  Council,  with  all  the  rights,  privileges  and  duties  of  the 
other  members  of  the  council.] 

*  Unexpired  term  of  E.  P.  C.  Davis. 


NOTE. 

The  considerable  bulk  of  the  volame  of  Transactions  bas  induced  the  Publi- 
cation Committee  to  direct  the  insertion  of  a  summary  of  the  Society  member- 
ship in  place  of  the  complete  list  of  members  which  was  published  in  the  earlier 
volumes.  The  summary  attaching  to  this  issue  is  that  which  appears  in  the 
catalogue  of  the  Society  issued  with  corrections  to  July  1st,  1904.  Reference  for 
the  complete  list  should  be  made  to  the  "  Geographical  List"  for  July,  1904. 
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Illinois 164 

Indiana 33 

Iowa 3 

Kansas 3 

Kentucky 4 

Louisiana 11 

Maine    .  . 13 

Maryland 35 

Massachusetts 249 

Michijjfan 67 

Minnesota 18 

Mississippi 1 

Missouri 41 
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Montana     9 

Nebraska 3 

New  Hampshire 15 

New  Jersey 130 
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Porto  Rico 
Rhode  Island  . 
South  Carolina 
South  Dakota. 
Tennessee  . .   . 

Texas 

Utah 

Vermont 

Virginia 25 

Washington 5 

West  Virginia 8 

Wisconsin 62 


Total  membership  in  the  United  States 2,577 
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GEOGRAPHICAL  SUMMARY. 

Total  foreig:n  membership 161 

Total  membership  in  United  States 2,577 

*  Present  address  unknown 2 

Total  membership 2,740 

SUMMARY  OF  MEMBERSHIP   BY   GRADES. 

Honorary  members 18 

Members 1,856 

Associates 221 

Junior  members 645 

Total  membership 2,740 

f  Life  members 108 


*  These  are  Lawrence  V.  Melville  and  Frank  Pettit,  both  Junior  Members,  and  if  any 
member  knows  their  present  addresses  he  will  confer  a  favor  by  so  advising  the  Secretary. 

t  These  Life  Members  are  included  in  the  total  membership  above,  in  the  class  to  which  they 
belong. 
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AMERICAN    SOCIETY    OF    MECHANICAL 

ENGINEERS, 


COnsrSTITUTIOK 


NAME,    OBJECT    AND    GOVERNMENT. 

C  1.  The  title  of  this  Society  is  '^  The  American  Society  of 
Mechanical  Engineers. ' ' 

C  2.  The  object  of  the  Society  is  to  promote  the  Arts  and 
Sciences  connected  ^'ith  Engineering  and  Mechanical  Construc- 
tion. The  principal  means  for  this  purpose  shall  be  the  holding 
of  meetings  for  the  reading  and  discussion  of  professional  papers, 
and  for  social  intercourse ;  the  publication  and  distribution  of  its 
papers  and  discussions;  and  the  maintenance  of  an  Engineering 
Library. 

C  3.  The  Society  shall  be  governed  by  this  Constitution,  and 
by  By-Laws  and  Rules  in  harmony  therewith. 

C  4.  The  Society  was  organized  as  a  Corporation  under  the 
laws  of  the  State  of  ]^ew  York,  April  7,  1880.  Its  oflBces  shall 
be  located  in  the  City  of  Xew  York. 

MEMBEKSHIP. 

C  5.  Persons  connected  with  the  Arts  and  Sciences  relating 
to  Engineering  or  Mechanical  Construction  may  be  eligible  for 
admission  into  the  Society. 

C  6.  The  membership  of  the  Society  shall  consist  of  Hon- 
orary Members,  Members,  Associates  and  Juniors.  Honorary 
Members,  Members  and  Associates  are  entitled  to  vote  and  to 
hold  office.  Juniors  shall  not  be  entitled  to  vote  nor  to  be 
officers  of  the  Society,  but  shall  be  entitled  to  the  other  privileges 
of  membership.  it 

C  7.     Honorary  Members,  Members  and  Associates  are  en- 


xii  CONSTITUTION,   BY-LAWS  AND  RULES   OF   THE 

title<l  to  vote  on  all  questions  before  any  meeting  of  the  Society, 
in  jierson  or  by  proxy,  given  to  a  voting  member.  A  proxy 
shall  not  be  valid  for  a  greater  tiine  than  six  months. 

C  8.  Honorary  Members  shall  be  persons  of  acknowledged 
professional  eminence,  and  their  number  shall  not  exceed  twenty- 
five  at  any  time. 

C  9.  A  Member  must  have  been  so  connected  with  Engi- 
neerinf^"  as  to  be  competent,  as  a  designer  or  as  a  constructor, 
to  tiike  responsible  charge  of  work  in  his  branch  of  Engineering, 
or  he  must  have  served  as  a  teacher  of  Engineering  for  more 
than  five  years.     A  Member  shall  be  thirty  years  of  age  or  over. 

C  10.  An  Associate  must  either  have  the  other  qualifications 
of  a  Member  or  be  so  connected  with  Engineering  as  to  be  com- 
petent to  take  charge  of  engineering  work,  or  to  co-operate  with 
Eno-ineers.  An  Associate  shall  be  twenty-six  years  of  age  or 
over. 

C  11.  xV  Junior  must  have  had  such  engineering  experience 
as  will  enable  him  to  fill  a  responsible  subordinate  position  in 
engineering  work,  or  he  must  be  a  graduate  of  an  engineering 
school.     A  Junior  shall  be  twenty-one  years  of  age  or  over. 

C  12.  The  rights  and  privileges  of  every  Honorary  Member, 
Member,  Associate  and  Junior  shall  be  personal  to  himself,  and 
shall  not  be  transferable  or  transmissible  by  his  own  act  or  by 
operation  of  law. 

ADMISSION. 

C  13.  Honorary  Members  shall  be  nominated  by  at  least  ten 
members  of  the  Society.  The  grounds  upon  which  the  nomina- 
tion is  made,  shall  be  presented  to  the  Council  in  writing. 

C  14.  All  applications  for  membership  to  the  grades  of 
Member,  Associate  or  Junior  shall  be  presented  to  the  Council, 
which  shall  consider  and  act  upon  each  application,  assigning 
each  approved  applicant  to  the  grade  of  membership  to  which, 
in  the  judgment  of  the  Council,  his  qualifications  entitle  him. 
The  name  of  each  candidate  thus  approved  by  the  Council,  shall, 
unlciss  objection  is  made  by  the  applicant,  be  submitted  to  the 
voting  membership  for  election,  by  means  of  a  letter-ballot. 

C  15.  Associates  or  Juniors  desiring  to  change  their  grade  of 
membershi])  shall  make  application  to  the  Council  in  the  same 
manner  as  is  required  in  the  case  of  a  new  applicant. 
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C  16.  Election  to  membership  shall  be  by  a  sealed  letter- 
ballot  as  the  By-Laws  shall  provide.  Adverse  votes  to  the  num- 
ber of  two  per  cent,  of  the  votes  cast  shall  be  required  to  defeat 
the  election  of  an  applicant  for  any  grade  of  membership.  The 
Council,  may  in  its  discretion,  order  a  second  ballot  upon  a  de- 
feated applicant,  in  which  case  adverse  votes  to  the  number  of 
four  per  cent,  of  the  votes  cast,  shall  be  required  to  defeat  the 
election. 

C  17.  The  election  of  Honorary  Members  shall  be  by  a  vote 
of  the  Council  taken  by  letter-ballot,  as  provided  in  the  By-Laws. 
One  dissenting  vote  shall  defeat  such  election. 

C  18.  Each  person  elected,  excepting  Honorary  Members, 
shall  subscribe  to  this  Constitution,  and  shall  pay  the  initiation 
fee  before  he  can  be  entitled  to  the  rights  and  privileges  of 
membership.  If  such  person  does  not  comply  with  this  require- 
ment within  six  months  after  notice  of  his  election,  he  will  be 
deemed  to  have  declined  election.  The  Council  may,  thereupon, 
declare  his  election  void. 

INITIATION    FEES    AND    DUES. 

C  19.  The  initiation  fee  for  membership  in  each  grade  shall 
be  as  follows : 

For  Member Twenty-five  Dollars, 

For  Associate Twenty-five  Dollars, 

For  Junior Fifteen  Dollars. 

C  20.  A  Junior,  on  promotion  to  any  other  grade  of  member- 
ship, shall  pay  an  additional  fee  of  Ten  Dollars. 

C  21.  The  annual  dues  for  membership  in  each  grade  shall 
be  as  follows : 

For  Member Fifteen  Dollars, 

For  Associate Fifteen  Dollars, 

For  Junior Ten  Dollars  for  the  first 

six  years  of  his  membership  and  thereafter  the 

same  as  for  an  Associate. 

C  22.  The  Council  may  in  its  discretion,  permit  any  Member 
or  Associate  to  become  a  Life  Member  in  the  same  grade,  by  the 
payment  at  one  time  of  an  amount  sufficient  to  purchase  from 
the  Equitable  Life  Assurance  Society  of  Xew  York,  an  annuity 
on  the  life  of  a  person  of  the  age  of  the  applicant  equal  to  the 
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annual  dues  in  bis  grade.     Such  Life  Member  sball  not  be  liable 
thereafter  for  annual  dues. 

C  23.  The  Council  shall  have  the  power,  by  letter-ballot,  to 
admit  to  Life  ]\[embershij),  without  the  payment  of  a  life  mem- 
bership fee,  any  person  who,  for  a  long  term  of  years,  has  been 
a  ^[ember  or  an  Associate  when,  for  special  reasons,  such  pro- 
cedure would,  in  its  judgment,  promote  the  best  interests  of  the 
Society,  ])rovided  that  notice  of  such  proposed  action  shall  have 
been  given  at  a  previous  meeting  of  the  Council.  One  dissent- 
ing vote  shall  defeat  such  admission. 

SUSPENSIONS   AND    EXPULSIONS. 

C  24.  Any  Member,  Associate  or  Junior  who  shall  leave  his 
annual  dues  unpaid  for  one  year,  shall  not  receive  the  volume  of 
Transactions  until  such  arrears  are  paid.  Any  Member,  Asso- 
ciate or  Junior  who  shall  leave  his  dues  unpaid  for  two  years, 
shall,  in  the  discretion  of  the  Council,  have  his  name  stricken 
from  the  roll  of  membership,  and  shall  cease  to  have  any  further 
rights  as  such. 

C  25.  The  Council  may  refuse  to  receive  the  dues  of  any 
mem]>er  of  any  grade,  who  shall  have  been  adjudged  by  the 
Council  to  have  violated  the  Constitution  or  By-Laws  of  the 
Society,  or  who,  in  the  opinion  of  the  Council  by  a  two-thirds 
vote,  shall  have  been  guilty  of  conduct  rendering  him  unfit  to 
continue  in  its  membership;  and  the  Council  may  expel  such 
person  and  remove  his  name  from  the  list  of  members. 

THE    COUNCIL. 

C  20.  The  affairs  of  the  Society  shall  be  managed  by  a  Board. 
of  Directors  chosen  from  among  its  Members  and  Associates, 
which  shall  be  styled  "  The  Council."  The  Council  shall  consist 
of  the  President  of  the  Society,  who  shall  be  the  presiding  officer, 
six  A'ice-Presidents,  nine  Managers,  the  Treasurer  and  live  Past 
Presidents.  Five  members  of  the  Council  shall  constitute  a 
quorum  for  the  transaction  of  ])usiness.  The  Secretary  may 
take  part  in  the  deliVjerations  of  the  Council,  but  shall  not  have 
a  vote  therein.  The  Chairman  of  the  Finance  Committee  shall 
attend  the  meetings  of  the  Council  and  take  part  in  the  discus- 
sion of  financial  (piestions  \)\xi  shall  not  have  a  vote. 
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C  27.  The  five  surviving  Past  Presidents  who  last  held  the 
ofiice  shall  be  members  of  the  Council  with  all  the  rights,  priv- 
ileges and  duties  of  the  other  members  of  the  Council. 

C  28.  The  Council  thus  constituted  shall  be  the  legal  Trustee 
of  the  Society.  All  gifts  or  bequests  not  designated  for  a  specific 
purpose  shall  be  invested  by  the  Council,  and  only  the  income 
therefrom  may  be  used  for  current  expenses. 

C  29.  Should  a  vacancy  occur  in  the  Council,  or  in  any  elec- 
tive oiRce  except  the  presidency,  through  death,  resignation  or 
other  cause,  the  Council  may  elect  a  Member  or  Associate  to  fill 
the  vacancy  until  the  next  annual  election. 

C  30.  The  Council  shall  regulate  its  own  proceedings,  and 
may  by  resolution  delegate  specific  powers  to  an  Executive 
Committee  or  to  any  one  or  more  members  of  the  Council.  'No 
act  of  the  Executive  Committee  or  of  a  delegate  shall  be  binding 
until  it  has  been  approved  by  a  resolution  of  the  Council. 

C  31.  The  Council  shall  present  at  the  Annual  Meeting  of 
the  Society  a  report  verified  by  the  President  or  Treasurer  or 
by  a  majority  of  the  members  of  the  Council,  showing  the  whole 
amount  of  real  and  personal  property  owned  by  the  Society, 
where  located,  and  where  and  how  invested,  and  the  amount 
and  nature  of  the  property  acquired  during  the  year  immediately 
preceding  the  date  of  the  report,  and  the  manner  of  the  acquisi- 
tion; the  amount  applied,  appropriated  or  expended  during  the 
year  immediately  preceding  such  date,  and  the  purposes,  objects 
or  persons  to  or  for  which  such  applications,  appropriations  or 
expenditures  have  been  made;  also  the  names  and  places  of  resi- 
dence of  the  persons  who  have  been  admitted  to  membership  in 
the  Society  during  the  last  year,  which  report  shall  be  filed 
with  the  records  of  the  Society,  and  an  abstract  thereof  shall  be 
entered  in  the  minutes  of  the  proceedings  of  the  Annual  Meeting. 

C  32.  An  act  of  the  Council,  which  shall  have  received  the 
expressed  or  the  implied  sanction  of  the  membership  at  the  next 
subsequent  meeting  of  the  Society,  shall  be  deemed  to  be  the  act 
of  the  Society,  and  shall  not  afterwards  be  impeached  by  any 
member. 

C  33.  The  Council  may,  b}^  a  two-thirds  vote  of  the  members 
present,  declare  any  elective  office  vacant,  on  the  failure  of  its 
incumbent  for  one  year,  from  inability  or  otherwise,  to  attend 
the  Council  meetings,  or  to  perform  the  duties  of  his  office,  and 
shall  thereupon  appoint  a  Member  or  Associate  to  fill  the  vacancy 
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until  the  next  Annual  Meeting.     The  said  appointment  shall  not 
render  the  appointee  ineligible  to  election  to  any  office. 

OFFICERS. 

C  34.  At  each  Annual  Meeting  there  shall  be  elected  from 
among  the  ^rembers  and  Associates: 

A  President  to  hold  office  for  one  year. 
Three  Vice-Presidents,  each  to  hold  office  for  two  years. 
Three  Managers,  each  to  hold  office  for  three  years. 
A  Treasurer  to  hold  office  for  one  year. 

C  35.  The  election  of  officers  shall  be  by  sealed  letter-ballot, 
as  the  By-Laws  shall  ])rovide. 

C  36.  The  term  of  all  elective  officers  shall  begin  on  the  ad- 
journment of  the  Annual  Meeting  of  the  Society.  Officers  shall 
continue  in  tlieir  respective  offices  until  their  successors  have  been 
elected  and  have  accepted  their  offices. 

C  37.  A  President,  Vice-President  or  Manager  shall  not  be 
eligible  for  immediate  re-election  to  the  same  office  at  the  expira- 
tion of  the  term  for  which  he  was  elected. 

C  38.  The  Council,  at  its  first  meeting  after  the  Annual 
Meeting  of  the  Society,  shall  appoint  a  person  of  the  grade  of 
Member  to  serve  as  Secretary  of  the  Society  for  one  year,  sub- 
ject to  removal  for  cause  by  an  affirmative  vote  of  fifteen  mem- 
Ijers  of  the  Council,  at  any  time  after  one  month's  written  notice 
has  been  given  him  to  show  cause  why  he  should  not  be  re- 
moved, and  he  has  been  heard  in  his  own  defense,  if  he  so  de- 
sires. The  Secretary  shall  receive  a  salary  which  shall  be  fixed 
by  the  Council  at  the  time  of  his  appointment. 

C  39.  The  President,  Secretary  and  Treasurer  shall  perform 
the  duties  legally  or  customarily  attaching  to  their  respective 
offices  under  the  Laws  of  the  State  of  New  York,  and  such  other 
duties  as  may  1)6  required  of  them  by  the  Council. 

C  40.  A  vacancy  in  the  office  of  President  shall  be  filled  by 
the  Vice-President,  who  is  senior  by  age. 

MEETINGS. 

C  4L  The  Society  shall  hold  two  meetings  in  each  year.  The 
Annual  Meriting  sliall  begin  in  New  York  City  on  the  first  Tues- 
day in  l)ecember,  and  a  Semi- Annual  Meeting  shall  be  held  at 
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such  time  and  place  as  the  Council  may  appoint.  Fifty  Members 
and  Associates  shall  constitute  a  quorum  for  the  transaction  of 
business. 

C  42.  Special  meetings  of  the  Society  may  be  called  at  any 
time  at  the  discretion  of  the  Council,  or  shall  be  called  by  the 
President  upon  the  written  request  of  fifty  members  entitled  to 
vote,  the  notices  for  such  meetings  to  state  the  business  for 
which  such  meeting  is  called,  and  no  other  business  shall  be 
entertained  or  transacted  at  that  meeting. 

C  43.  Any  appropriation  recommended  by  the  Society  at  a 
meeting  shall  not  take  effect  until  it  has  been  approved  by  the 
Council. 

C  44.  Every  question  which  shall  come  before  a  meeting  of 
the  Society  or  of  the  Council  or  a  Committee,  shall  be  decided 
by  a  majority  of  the  votes  cast,  unless  otherwise  provided  in  this 
Constitution  or  the  By-Laws,  or  the  Laws  of  the  State  of  New 
York.  The  Council  may  order  the  submission  of  any  question 
to  the  membership  for  discussion  by  letter-ballot.  Any  meeting 
of  the  Society  at  which  a  quorum  is  present,  may  order  the  sub- 
mission of  any  question  to  the  membership  for  discussion  by 
letter-ballot. 

STANDING    COMMITTEES. 

C  45.  The  Standing  Committees  of  the  Society  to  be  ap- 
pointed by  the  President  shall  be: 

Finance  Committee, 
Committee  on  Meetings, 
Publication  Committee, 
Membership  Committee, 
Library  Committee, 
House  Committee. 
C  46.     There  shall  be  a  John  Fritz  Medal  Committee  of  three 
members  appointed  as  provided  in  the  By-Laws. 
C  47.     The  Annual  Committees  shall  be: 

An  Executive  Committee,  appointed  by  the  Council. 
A  ]^ominating  Committee,  appointed  by  the  President. 
Tellers  as  required    by   the   By-Laws,    appointed    by   the 
President. 
C  48.     Special  dominating  Committee: 

Twenty  or  more  members  entitled  to  vote  may  constitute 
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themselves  a  Special   Ts^oniinating  Committee,  with  the  same 
}X)wei*s  as  the  Annual  Nominating  Committee. 

C  40.     l*rofessional  Committees: 

The  Council  shall  have  power  to  appoint,  upon  a  recom- 
mendation of  the  Society  at  a  general  meeting,  or  upon  its  own 
initiative,  such  Professional  Committees  as  it  may  deem  desira- 
ble, to  investigate,  consider  and  report  upon  subjects  of  engineer- 
ing interest.  Eeports  of  such  committees  may  be  accepted  by 
the  Society  and  printed  in  the  Transactions,  but  shall  not  be 
approveil  or  adopted  as  the  action  of  the  Society.  Any  proposed 
expenses  of  such  committees  must  be  authorized  by  the  Council 
before  they  are  incurred. 

C  50.  Each  Committee  shall  perform  the  duties  required  of  it 
in  the  By-Laws,  or  assigned  to  it  by  the  Council.  The  Secretary 
of  the  Society  shall  be  the  Secretary  of  each  of  the  Standing 
Committees. 

C  51.  The  Council  may  at  any  time,  in  its  own  discretion, 
remove  any  or  all  members  of  any  Committee,  except  a  Nom- 
inating Committee ;  and  the  vacancy,  arising  from  this  or  from 
anv  other  cause,  shall  be  filled  by  appointment  by  the  President, 
except  a  vacancy  in  the  Executive  Committee,  which  shall  be 
tilled  by  the  Council. 

SECTIONS    OF   THE    SOCIETY. 

C  5*2.  The  Council  may,  in  its  discretion,  authorize  the  or- 
ganization of  sections  or  groups  of  any  or  all  grades  of  member- 
ship, for  professional  or  scientific  purposes  which  are  in  harmony 
with  the  Constitution  and  By-Laws  of  this  Society.  Such  sec- 
tions or  groups  may,  in  the  discretion  of  the  Council,  be  geo- 
graphical or  professional,  and  shall  have  such  powers,  and  act 
under  sucli  rules  and  regulations  as  the  Council  may  from  time 
\A)  time  ])rescribe. 

TRANSACTIONS. 

C  53.  The  olllcial  record  of  technical  papers  and  discussion, 
shall  be  known  as  the  TranHactions  of  the  Society,  and  shall  be 
published  under  tlie  direction  of  the  Council.  There  may  be 
included  therein,  the  annual  report  of  the  Council,  reports  of 
Committees,  and  business  records  of  the  Society. 
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C  54.  The  Society  shall  claim  no  exclusive  copyright  to  any 
papers  read  at  its  meetings,  or  any  reports  or  discussions  thereon, 
except  in  the  matter  of  their  official  publication  under  the  So- 
ciety's imprint  as  its  Transactions.  The  policy  of  the  Society 
shall  be  to  give  the  professional  and  scientific  papers  read  before 
it  the  widest  circulation  possible,  with  the  view  of  making  the 
work  of  the  Society  known,  encouraging  Engineering  progress 
and  extending  the  professional  reputation  of  its  members. 

C  55.  The  Society  shall  not  be  responsible  for  statements  or 
opinions  advanced  in  papers  or  in  discussions  at  its  meetings. 
Matters  relating  to  politics  or  purely  to  trade  shall  not  be  dis- 
cussed at  a  meeting  of  the  Society,  nor  be  included  in  the 
Transactions. 

C  56.  The  Society  shall  not  approve  or  adopt  any  standard 
or  formula,  or  approve  any  engineering  or  commercial  enterprise. 
It  shall  not  allow  its  imprint  or  name  to  be  used  in  any  commer- 
cial work  or  business. 


AMENDMENTS    TO    THE    CONSTITUTION. 

C  57.  At  any  semi-annual  meeting  of  the  Society  any  mem- 
ber may  propose  in  writing  an  amendment  to  this  Constitution. 
Such  proposed  amendment  shall  not  be  voted  on  at  that  meeting, 
but  shall  be  open  to  discussion  and  to  such  modification  as  may 
be  accepted  by  the  proposer.  The  proposed  amendment  shall 
be  mailed  in  printed  form  by  the  Secretar}^  to  each  member  of 
the  Society  entitled  to  vote,  at  least  sixty  days  previous  to  the 
next  annual  meeting,  accompanied  by  comment  by  the  Council, 
if  it  so  elects.  At  that  annual  meeting  such  proposed  amend- 
ment shall  be  presented  for  discussion  and  final  amendment,  and 
shall  subsequently  be  submitted  to  all  members  entitled  to  vote, 
provided  that  twenty  votes  are  cast  in  favor  of  such  submission. 
The  final  vote  on  adoption  shall  be  by  sealed  letter-ballot,  clos- 
ing at  twelve  o'clock  noon  on  the  first  Monday  of  March 
following. 

C  58.  The  letter-ballot,  accompanied  by  the  text  of  the  pro- 
posed amendment,  shall  be  mailed  by  the  Secretary  to  each 
member  of  the  Society  entitled  to  vote  at  least  thirty  days  pre- 
vious to  the  closure  of  the  voting.  The  ballots  shall  be  voted, 
canvassed  and  announced  as  provided  in  the  By-Laws.  The 
adoption  of  the  amendment  shall  be  decided  by  a  majority  of  the 
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votes  cast  An  ainojulnient  shall  take  effect  on  the  announce- 
ment of  its  adoption  by  the  Presiding  Officer  of  the  semi-annual 
meeting  next  following  the  closure  of  the  vote. 

AMENDMENTS    TO    BY-LAWS    AND   RULES. 

C  50  For  the  farther  ordering  of  the  affairs  of  the  Society, 
the  Council  mav,  bv  a  two-third  vote  of  its  members  present, 
amend  the  Bv-Laws  in  harmony  with  this  Constitution,  pro- 
vided that  a  written  notice  of  such  proposed  amendment  shall 
have  been  given  at  the  ])revious  regular  meeting  of  the  Council; 
and  provided  further  that  the  Secretary  shall  have  mailed  to 
each  member  of  the  Council  a  copy  of  such  proposed  amend- 
ment,  at  least  thirty  days  in  advance  of  the  meeting  of  the 
Council  at  which  action  is  to  be  taken.  The  amendment  shall 
take  effect  immediately  on  its  passage  by  the  Council.  The 
Secretary  shall  at  once  mail  a  copy  of  such  amendment  to  the 
members  of  all  grades. 

C  60.  The  Council  may,  by  a  majority  vote  of  the  members 
present  at  any  meeting,  establish,  amend  or  annul  Kules  for  the 
conduct  of  the  business  affairs  of  the  Society;  for  the  ordering 
and  conduct  of  its  professional  or  business  meetings;  and  for 
guidance  of  its  committees  in  their  work  and  reports;  provided 
that  such  Eules  are  in  harmony  with  the  Constitution  and  By- 
Laws  of  the  Society. 

CONSTITUTION  GOES  INTO  EFFECT. 

C  61.  Tliis  Constitution  shall  supersede  all  previous  Eules  of 
the  Society,  and  shall  go  into  effect  on  the  announcement  by  the 
Presiding  Officer  of  its  adoption. 


BY-LAWS. 

CANDIDATES    FOR    MKMIJERSIIIP. 

P,  1.  A  candichite  for  admission  to  the  Society  as  a  Member 
or  as  an  Ass(x:iate  must  make  application  on  a  form  approved  by 
the  Council,  Ujwn  whicli  Ik;  shall  write  a  statement  giving  a 
comj»lete  account  of  his  (jualifications  and  engineering  experience, 
and  an  agreement  that  he  will,  if  elected,  conform  to  the  Con- 
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stitution,  By-Laws  and  Eules  of  the  Society.  He  must  refer  to 
at  least  five  Members  or  Associates  to  whom  he  is  personally 
known. 

B  2.  Applications  for  membership  from  Engineers  who  are 
not  resident  in  the  United  States  or  Canada,  and  who  may  be 
so  situated  as  not  to  be  personally  known  to  five  Members  of  the 
Society,  as  required  in  the  foregoing  paragraph,  may  be  recom- 
mended for  ballot  by  five  members  of  the  Council,  after  sufficient 
evidence  has  been  secured  to  show  that  in  their  opinion  the  appli- 
cant is  worthy  of  admission  to  the  grade  which  he  seeks. 

B  3.  A  candidate  for  admission  to  the  Society  as  a  Junior 
must  make  application  in  the  same  manner  as  provided  for  Mem- 
bers, except  that  he  must  refer  to  not  less  than  three  Members 
or  Associates  to  whom  he  is  personally  known. 

B  4.  References  shall  not  be  required  of  candidates  for  Hon- 
orary Membership. 

B  5.  The  references  for  each  candidate  for  admission  to  the 
Society  shall  be  requested  to  make  a  confidential  communication 
to  the  Membership  Committee,  setting  forth  in  detail  such  in- 
formation, personally  known  to  referee,  as  shall  enable  the 
Councilto  arrive  at  a  proper  estimate  of  the  eligibility  of  the 
candidate  for  admission  to  the  Society. 

ELECTION    OF    MEMBERS. 

B  6.  The  Secretary  shall  mail  to  each  member  entitled  to 
vote,  at  least  thirty  da\'s  in  advance  of  each  annual  or  semi- 
annual meeting,  a  ballot  stating  the  names  and  the  respective 
grades  of  the  candidates  for  membership  in  the  Society  which 
have  been  approved  by  the  Council,  and  the  time  of  the  closure 
of  voting.  The  voter  shall  prepare  his  ballot  by  crossing  out 
the  names  of  candidates  rejected  by  him,  and  shall  enclose  said  bal- 
lot in  a  sealed  blank  ballot  envelope  which  he  shall  then  enclose  in 
a  second  sealed  outer  envelope  on  which  he  shall,  for  identifica- 
tion, write  his  name  in  ink.  The  ballot  thus  prepared  and  en- 
closed shall  be  mailed  or  delivered  unopened  to  the  Tellers  of 
Election.  The  Secretary  shall  certify  to  the  competency,  and 
the  signature  of  all  voters.  On  the  closure  of  voting,  the  Tellers 
of  Election  shall  first  open  and  destroy  the  outer  envelopes,  and 
shall  then  canvass  the  ballots,  and  certifv  the  result  to  the  meet- 
ing  of  the  Society. 
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B  7.  The  Tellers  shall  not  receive  any  ballot  after  the  stated 
time  of  the  closure  of  voting.  A  ballot  without  the  endorsement 
of  the  voter,  written  in  ink  on  the  outer  envelope,  is  defective, 
and  shall  be  rejected  by  the  Tellers  of  Election. 

B  S.  The  names  of  those  persons  elected  to  membership,  with 
their  respective  grades,  shall  be  embodied  in  a  written  report, 
signe<l  by  the  Tellers,  and  presented  to  the  next  meeting  of  the 
Society.  The  President  shall  then  declare  them  duly  elected  to 
membership  in  the  Society.  The  Tellers  may,  through  the 
Secretary,  in  advance  of  any  meeting  advise  each  candidate  of 
the  result  of  the  canvass  of  the  votes  in  his  case.  The  names  of 
applicants  who  are  not  elected  shall  neither  be  announced  nor 
recorded  in  the  Transactions. 

B  9.  The  endorsers  of  an  applicant  who  has  not  been  elected, 
may,  with  his  consent,  present  to  the  Council  a  written  request 
for  a  re-submission  of  his  name  to  ballot.  The  Council  may,  in 
its  discretion,  by  a  three-fourths  vote  of  the  members  present, 
order  the  name  of  the  applicant  placed  on  the  next  ballot  for 
members. 

B  10.  Election  to  Honorary  Membership  shall  be  by  letter- 
ballot  of  the  Council.  A  notice  of  such  proposed  election  shall 
be  mailed  by  the  Secretary  to  each  member  of  the  Council  at 
least  sixty  days  in  advance  of  the  date  set  for  the  closure  of 
such  election. 

B  11.  Each  person  elected  to  membership,  except  an  Hon- 
orary ^lember,  must  subscribe  to  the  Constitution,  By-Laws  and 
Rules  of  the  Society,  and  pay  the  initiation  fee  before  he  can 
receive  a  certificate  of  membership  in  the  Society. 

ELECTION    OF   OFFICERS. 

B  12.  The  Secretary  shall  mail  to  each  member  entitled  to 
vote,  at  least  thirty  days  before  the  Annual  Meeting,  the  names 
of  tlie  candidates  for  office  proposed  for  election  by  the  Nom- 
inating Committee. 

B  l.'i.  The  names  of  the  candidates  proposed  by  the  Nom- 
inating Committee  or  Committees,  and  the  respective  offices  for 
which  they  arc  candidates,  shall  be  printed  in  separate  lists  on 
the  same  ballot  sheet,  each  list  of  candidates  to  be  printed  under 
the  names  of  the  members  of  the  particular  committee  which 
propo8e<l  it. 
60 
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B  14.  The  name  of  any  candidate  on  the  ballot  may  be 
erased,  and  the  name  of  any  person  qualified  to  hold  the  office 
written  in  its  stead.  The  voter  shall  make  a  cross  with  a  pen 
or  pencil  before  the  name  of  each  candidate  for  office  for  whom 
he  wishes  to  vote.  The  ballot  thus  prepared  must  be  voted  and 
canvassed  in  the  same  manner  as  for  the  election  of  members. 

B  15.  At  the  first  session  of  the  Annual  Meeting,  the 
Tellers  of  Election  of  Officers  shall  canvass  the  votes  cast  for 
the  officers  of  the  Society  in  the  manner  prescribed  for  the  elec- 
tion of  members,  and  immediately  report  the  result  of  the  can- 
vass to  the  meeting-.  The  President  shall  then  announce  the 
candidates  having  the  greatest  number  of  votes  for  their  respec- 
tive offices,  and  declare  them  elected  for  the  ensuing  year. 

B  16.  In  case  of  a  tie  in  the  vote  for  any  officer,  the  Presi- 
dent or,  in  his  absence,  the  Presiding  Officer  shall  cast  the  decid- 
ing vote. 

B  17.  A  ballot  which  contains  more  names  marked  by  a  cross 
on  it  than  there  are  officers  to  be  elected,  is  thereby  defective, 
and  shall  be  rejected  by  the  Tellers. 

FEES    AND    DUES. 

B  18.  The  initiation  fee  and  annual  dues  of  the  first  year 
shall  be  due  and  payable  on  notice  of  election  to  membership, 
and  upon  that  payment  the  member  will  be  entitled  to  the  Trans- 
actions for  the  year.  Thereafter  the  annual  dues  shall  be  due 
and  payable  on  the  first  day  of  October  in  each  year. 

B  19.  A  member  in  arrears  for  one  year  shall  not  be  entitled 
to  vote  until  such  arrears  have  been  paid.  Should  the  right  to 
vote  be  questioned,  the  books  of  the  Society  shall  be  conclusive 
evidence. 

B  20.  The  Secretary  shall  present  to  the  Council  the  name  of 
any  Member,  Associate  or  Junior  in  arrears  for  more  than  one 
year,  and  such  member  shall  not  receive  the  Transactions  until 
such  arrears  are  fully  paid.  A  person  dropped  from  the  rolls 
for  non-payment  of  dues  may,  in  the  discretion  of  the  Council, 
be  restored  to  the  privileges  of  membership,  upon  payment  of 
all  arrears. 

FINANCIAL    ADMINISTRATION. 

B  21.  The  Council  at  its  first  meeting  in  each  fiscal  year, 
shall  consider  the  recommendations  of  the  Finance  Committee 
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concerning  the  expenditure  necessary  for  the  work  of  the  Society 
during  that  year.  The  apportioning  of  the  work  of  the  Society 
among  the  various  Standing  and  other  Committees  shall  be  on 
a  basis  approved  by  the  Council  and  in  harmony  with  the  Con- 
stitution and  By-Laws.  The  appropriations  approved  by  the 
Council,  or  so  much  thereof  as  may  be  required  for  the  work  of 
the  Society,  shall  be  expended  by  the  various  Committees  of  the 
Society,  and  all  bills  against  the  Society  for  such  expenditure 
shall  be  certified  by  the  Committee  making  the  expenditure  and 
shall  then  be  sent  to  the  Finance  Committee  for  audit.  Money 
shall  not  be  paid  out  by  any  officer  or  employee  of  the  Society 
except  upon  bills  duly  audited  by  the  Finance  Committee,  or  by 
resolution  of  the  Council. 

COMMITTEES. 

P>  22.  The  President  within  one  month  after  the  Annual 
[Meeting  shall  lill  all  vacancies  in  the  Standing  Committees  by 
appointment  from  the  membership  of  the  Society. 

Each  of  the  Standing  and  the  Annual  Committees,  shall,  at 
their  first  meeting  after  the  Annual  Meeting,  elect  a  Chairman 
to  serve  for  one  year.  The  President  shall  appoint  the  Chair- 
man of  each  Professional  Committee.  A  member  of  a  Standing 
Committee  whose  term  of  office  has  expired,  shall  continue  to 
serve  until  his  successor  shall  have  been  appointed. 

FINANCE    COMMITTEE. 

B  23.  The  Finance  Committee  shall  consist  of  five  Members 
or  Associates.  The  term  of  office  of  one  member  of  the  Com- 
mittee shall  expire  at  the  end  of  each  Annual  Meeting.  This 
Committee  shall,  in  the  discretion  of  the  Council,  have  a  super- 
vision of  the  financial  affairs  of  the  Society,  including  the 
books  of  account.  The  Committee  may  cause  the  accounts  of 
the  Society  to  be  audited  and  approved  annually  by  a  chartered 
or  other  competent  public  accountant.  The  Committee  shall 
hold  montblv  meetinf^s  for  the  audit  of  bills  and  such  other  busi- 
ness  ;is  shall  come  l)efore  it  and  shall  deliver  to  the  Secretary  for 
presentation  to  the  Council  at  the  end  of  each  fiscal  year,  a  re- 
|x>rt  of  the  financial  condition  of  the  Society  for  the  past  year, 
and  also  shall  present  therewith  a  detailed  estimate  of  the  prob^ 
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able  income  and  expenditure  of  the  Society  for  the  following 
twelve  months.  It  shall  make  recommendations  to  the  Council 
as  to  investments,  and,  when  called  upon  by  the  Council,  advise 
upon  financial  questions. 

COMMITTEE    ON    MEETINGS. 

B  24.  The  Committee  on  Meetings  shall  consist  of  five  per- 
sons who  may  be  members  of  any  grade.  The  term  of  office  of 
one  member  of  the  Committee  shall  expire  at  the  end  of  each 
Annual  Meeting.  It  shall  be  the  duty  of  the  Committee  to  pro- 
cure professional  papers,  to  pass  upon  their  suitability  for  pres- 
entation, and  to  suggest  topical  subjects  for  discussion  at  the 
meetings.  The  Committee  may  refer  any  paper  presented  to 
the  Society  to  a  person  or  persons,  especially  qualified  by  the- 
oretical knowledge  or  practical  experience,  for  their  suggestions 
or  opinions  as  to  the  suitability  of  the  paper  for  presentation. 
Papers  from  non-members  shall  not  be  accepted  except  by  unan- 
imous vote  of  the  Committee. 

The  Committee  shall  arrange  the  programme  of  each  meeting 
of  the  Society,  and  shall  have  general  charge  of  the  entertain- 
ments to  be  provided'  for  the  members  and  guests  at  each  meet- 
ing. It  shall  prohibit  the  distribution  or  exhibition  at  the  head- 
quarters or  at  the  meeting  places  of  the  Society  of  all  advertising 
circulars,  pamphlets  or  samples  of  commercial  apparatus  or 
machinery.  At  the  end  of  each  fiscal  year,  the  Committee  shall 
deliver  to  the  Secretary  for  presentation  to  the  Council,  a  de- 
tailed report  of  its  work. 

PUBLICATION    COMMITTEE. 

B  25.  The  Publication  Committee  shall  consist  of  five  Mem- 
bers or  Associates.  The  term  of  office  of  one  member  shall  ex- 
pire at  the  end  of  each  Annual  Meeting.  The  Committee  shall 
review  all  papers  and  discussions  which  have  been  presented  at 
the  meetings,  and  shall  decide  what  papers  or  discussions,  or 
parts  of  the  same,  shall  be  printed  in  the  Transactions  of  the 
Society.  The  Committee  will  be  expected  to  publish  all  such 
data  as  will  be  of  assistance  to  engineers  or  investigators  in  theii;. 
work.  At  the  end  of  each  fiscal  year,  the  Committee  shall 
deliver  to  the  Secretary  for  presentation  to  the  Council,  a  de- 
t;ailed  report  of  its  work. 
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MEMBERSHIP    COMMITTEE. 

B  20.  The  ;^^enlbersllip  Committee  shall  consist  of  five  Mem- 
bei-s  or  Associates.  The  term  of  office  of  one  member  of  the 
Committee  sliall  expire  at  the  end  of  each  Annual  Meeting.  It 
shall  be  the  duty  of  this  Committee: 

To  meet  monthly  to  receive  and  scrutinize  all  appli- 
cations for  membership  to  the  Society. 
To  send  to  each  voting  member  the  name,  qualifica- 
tions, engineering  experience  and  references  of 
each  applicant,  together  with  extracts  from  the 
Constitution  and  By-Laws  relating  to  member- 
ship. 
To  seek  further  information  as  to  the  qualifications 
of  an  applicant,  whose  evidence  of  eligibility  is 
not  clear  to  the  Committee. 
To  report  to  each  session  of  the  Council  the  names 
of  all  applicants  under  consideration  together 
with  the  action  of  the  Committee  on  each. 
The  Committee  shall  at  once  destroy  all  correspondence  in 
relation  to  each  ap])licant  when  his  name  has  been  placed  on  the 
ballot  by  order  of  the  Council,  or  upon  the  withdrawal  of  the 
application. 

LIBRARY    COMMITTEE. 

B  27.  The  Library  Committee  shall  consist  of  five  Members, 
Associates  or  Juniors.  The  term  of  office  of  one  member  of  the 
Committee  shall  ex])ire  at  the  end  of  each  Annual  Meeting.  It 
shall  be  the  duty  of  the  Library  Committee  to  take  charge  of 
the  Library  of  the  Society,  the  historical  relics,  the  paintings 
and  objects  of  art,  and  to  recommend  to  the  Council  suitable 
regulations  for  their  care  and  use.  At  the  end  of  each  fiscal 
year,  the  Committee  shall  deliver  to  the  Secretary,  a  detailed 
report  of  its  work. 

HOUSE    COMMITTEE. 

B  28.  The  House  Committee  shall  consist  of  five  Members, 
As.sociates  or  Juniors.  The  term  of  office  of  one  member  of  the 
Committee  shall  expire  at  the  end  of  each  Annual  Meeting.  It 
shall  be  the  duty  of  the  House  Committee  to  have  the  care, 
manafremont  and  maintenance  of  the  house  of  the  Society  and 
its  furnishings.     They  may  make  rules  for  the  care  and  the  use 
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of  the  Society  House,  subject  to  the  approval  of  the  Council. 
At  the  end  of  each  fiscal  year,  the  Committee  shall  deliver  to 
the  Secretary  a  detailed  report  of  its  work. 

EXECUTIVE    COMMITTEE. 

B  29.  The  Council  shall  appoint  from  its  members  an  Execu- 
tive Committee  to  act  for  the  Council  during  the  interval  between 
its  sessions.  The  Committee  shall  make  a  report  of  its  acts  to 
each  session  of  the  Council  for  approval.  The  Secretary  may 
take  part  in  the  deliberations  of  the  Executive  Committee,  but 
shall  not  have  a  vote  therein. 

NOMINATING    COMMITTEES. 

B  30.  A  JN'ominatin'g  Committee  of  five  Members,  not  mem- 
bers of  the  Council,  shall  be  appointed  by  the  President  within 
three  months  after  he  assumes  office.  It  shall  be  the  duty  of 
this  Committee  to  send  to  the  Secretary  on  or  before  October 
first  the  names  of  consenting  nominees  for  the  elective  offices 
next  falling  vacant  under  the  Constitution.  Upon  the  request 
of  any  Member  or  Associate,  the  Secretary  shall  furnish  to  the 
applicant  the  names  of  such  nominees. 

B  31.  A  special  dominating  Committee  if  organized,  shall, 
on  or  before  October  twentieth,  present  to  the  Secretary  the 
names  of  the  candidates  nominated  by  it  for  the  elective  offices 
next  falling  vacant  under  the  Constitution,  together  with  the 
Avritten  consent  of  each. 

JOHN    FEITZ    MEDAL    COMMITTEE. 

B  32.  The  John  Fritz  Medal  Committee  shall  consist  of  three 
persons  of  the  grade  of  Member,  to  be  appointed  by  the  Council. 
The  term  of  office  of  one  member  of  this  Committee  shall  expire 
at  the  end  of  each  annual  meeting.  The  duty  of  this  Committee 
shall  be  to  represent  the  Society  in  the  Board  of  Trustees  of  the 
John  Fritz  Medal  Fund  Corporation. 

REPRESENTATIVE    DELEGATES. 

B  33.  The  Council  may  in  its  discretion  appoint  a  member 
or  members  of  the  Society  or  other  person  or  persons  to  repre- 
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sent  it  at  meetings  of  Societies  of  kindred  aim  or  at  public 
functions.  Such  delegates  shall  be  designated  as  "Honorary 
\'ice-Presidents/'  and  their  duties  shall  terminate  with  the  occa- 
sion for  which  they  were  appointed. 

TELLERS. 

B  34.  The  Presiding  Officer  shall,  at  the  first  session  of  the 
Annual  Meeting,  appoint  three  Tellers  of  Election  of  officers, 
whose  duties  shall  be  to  canvass  the  votes  cast,  and  report  the 
result  to  the  meeting.  Their  term  of  office  shall  terminate 
Avhen  their  report  of  the  canvass  is  presented  to  the  meeting. 

B  35.  The  President  within  one  month  after  assuming  office 
shall  appoint  three  Tellers  of  Election  of  members  to  serve  for 
one  year,  whose  duties  shall  be  to  canvass  the  votes  cast  for 
members  during  the  year,  and  to  certify  the  same  to  the  Presi- 
dent. They  shall  notify  candidates  through  the  Secretary  of 
the  result  of  such  election. 

B  36.  The  President  shall  appoint  three  Tellers  to  canvass 
any  letter-ballots  which  shall  be  ordered  by  the  Council  or  by 
the  Society. 

MEETINGS. 

B  37.  The  meetings  of  the  Society  shall  continue  from  day 
to  day  as  the  meeting  may  decide.  The  business  session  of  the 
Annual  Meeting  shall  be  held  on  Wednesday  following  the  first 
Tuesday  of  December.  The  professional  sessions  for  the  reading 
of  papers  shall  be  held  at  such  times  and  places  as  the  meeting 
may  appoint.  Notices  of  all  meetings  of  the  Society  shall  be 
mailed  by  the  Secretary  to  members  of  all  grades  not  less  than 
thirty  days  before  the  date  of  such  meeting. 

SECRETARY. 

B  38.  The  Secretary  of  the  Society  shall  be  the  Secretary  to 
the  Council  and  also  to  each  of  the  Standing  Committees. 

The  Secretary  shall,  under  the  supervision  of  the  Finance 
Committee,  have  charge  of  the  Books  of  Account  of  the  Society. 

He  shall  make  and  collect  all  bills  against  members  or  others. 

He  shall  have  charge  of  all  bills  against  the  Society,  shall 
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keep  an  account  of  the  same,  and  shall  present  them  m  proper 
form  to  the  Finance  Committee  for  audit. 

All  funds  receiv^ed  by  any  person  for  the  Society,  shall  be  de- 
livered to  the  Secretary.  He  shall  immediately  enter  them  in 
the  Books  of  Account,  and  shall  immediately  deposit  such  funds 
as  he  receives,  to  the  credit  of  the  Society,  in  a  Bank  to  be  des- 
ignated by  the  Council. 


TREASURER. 

B  39.  The  Treasurer  shall  make  payments  only  on  the  audit 
of  the  Finance  Committee,  or  upon  the  direction  of  the  Council, 
by  resolution  of  that  body.  He  shall  furnish  a  bond  for  the 
faithful  performance  of  his  duties  to  such  amount  as  the  Council 
may  require,  such  bond  to  be  procured  from  an  incorporated 
Guarantee  Company,  at  the  expense  of  the  Society. 

TITLES,    EMBLEMS,    CERTIFCATE. 

B  40.  Each  Member  and  Associate  shall,  subject  to  such  rules 
as  the  Council  may  establisli,  be  entitled  on  request,  to  a  certifi- 
cate of  membership,  signed  by  the  President  and  Secretary  of 
the  Society.  Every  such  certificate  shall  remain  the  property 
of  the  Society,  and  shall  be  returned  to  it  on  demand  of  the 
Council. 

B  41.  Each  proxy  authorizing  a  person  to  vote  for  an  absent 
member,  shall  be  signed  by  such  absent  member,  with  an  attest- 
ing witness,  and  be  submitted  to  the  Secretary  for  verification 
of  the  member's  right  to  vote  at  the  meeting  at  which  the  right 
is  to  be  exercised. 

B  42.  The  emblem  of  each  grade  of  membership  approved 
by  the  Council  shall  be  worn  by  those  only  who  belong  to  that 
grade.  The  official  stationarv  shall  be  used  only  by  Officers 
and  Committees  of  the  Society. 

B  43.  The  abbreviation  of  the  titles  of  the  various  grades  of 
membership  approved  by  the  Society  are  as  follows: 

For  Honorary  Members,     .     .  Hon.  Mem.  Am.  Soc.  M.  E. 

For  Members, Mem.  Am.  Soc.  M.  E. 

For  Associates, Assoc.  Am.  Soc.  M.  E. 

For  Juniors, Jun.  Am.  Soc.  M.  E. 
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KULES. 

E  1.  The  Secretary's  office  shall  be  open  on  business  days 
from  9  A.M.  to  5.30  p.m.  During  the  Annual  Meeting,  the  office 
shall  be  open  from  9  a.m.  to  10  p.m.  A  register  shall  be  kept 
for  each  regular  meeting,  to  record  the  attendance  of  members 
and  guests. 

R^.  The  Secretary  shall  provide  a  numbered  badge  orpin 
for  each  member,  or  guest  attending  the  regular  meetings,  the 
number  on  the  badges  to  correspond  with  the  member's  of 
guest's  number  on  the  register. 

E  3.  The  Secretary  shall  at  each  regular  meeting  of  the  So- 
ciety distribute  at  the  headquarters  a  printed  list  of  the  names 
registered  at  the  meeting. 

E  4.  Copies  of  papers  to  be  read  and  discussed  at  any  meet- 
ing shall  be  sent  to  each  member  thirty  days  in  advance  of  that 
meeting.  A  paper  received  too  late  for  such  distribution  shall 
only  be  accepted  for  presentation  at  that  meeting  by  unanimous 
consent  of  the  Committee  on  Meetings.  A  blank  shall  accom- 
pany the  ])apers  by  which  a  member  may  signify  his  intention 
to  discuss  any  of  the  papers,  and  priority  in  debate  shall  be  given 
in  the  order  of  the  receipt  by  the  Secretary  of  such  notification. 

E  5.  At  professional  sessions,  each  paper  shall  be  read  by 
abstract  only,  ten  minutes  being  allowed  to  the  author  for  the 
presentation,  unless  otherwise  ordered  by  the  meeting. 

E  f).  A  member  who  has  given  notice  of  his  intention  to  dis- 
CU.SS  a  paper,  and  shall  have  reduced  his  discussion  to  writing, 
shall  be  entitled  to  ten  minutes  for  its  presentation, 

E  7.  Each  speaker  shall  be  limited  to  five  minutes  in  the  oral 
discussion  of  a  paper,  unless  the  time  should  be  extended  by 
unanimous  consent.  A  member  who  has  once  had  the  floor 
cannot  claim  it  again  until  all  the  others  have  been  heard  who 
desire  U)  speak  on  that  paper.  Authors  may  have  five  minutes 
to  close  the  discussion  on  the  paper. 

R  8.  ^lembers  unable  to  attend  the  meeting  may  send  a  dis- 
cussion of  any  paper  in  writing,  to  be  presented  by  the  Sec- 
retary. 

E  9.  The  Committee  on  Meetings  shall  deliver  to  the  Secre- 
tary such  [lapers  as  they  recommend  for  presentation  to  the 
professional  meetings  of  the  Society. 
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R  10.  The  Secretary  shall  have  sole  possession  of  papers  and 
ilkistrations  between,  the  time  of  their  approval  by  the  Commit- 
tee on  Meetings,  and  their  presentation  to  the  professional  session 
of  the  Society. 

R  11.  After  the  presentation  and  discussion  of  a  paper,  a 
copy  of  both  shall  be  sent  to  the  author,  and,  so  far  as  possible, 
a  copy  of  the  reported  discussion  shall  be  sent  to  each  member 
who  presented  it,  with  the  request  that  he  correct  errors  or 
omissions,  and  return  the  same  promptly  to  the  Secretary. 

R  12.  Members  may  order  reprints  of  papers  at  a  price  suffi- 
cient to  cover  the  cost  to  the  Societ}",  provided  that  said  copies 
are  not  for  sale. 

R  13.  The  Secretary  may  furnish  to  the  author  twenty  copies 
of  his  paper  without  charge.  He  may  also  furnish  to  the  tech- 
nical press  such  papers  in  advance  of  the  meeting  as  they  may 
wish  to  publish  after  presentation  to  the  meeting  of  Society. 

R.  1-1.  The  entertainments  to  be  provided  for  the  members 
and  guests  at  any  meeting  of  this  Society  in  any  city  shall  be  in 
charge  of  a  Local  Committee,  subject,  however,  to  the  general 
approv^al  of  the  Committee  on  Meetings. 

R  15.  A  member  may  invite  a  non-member  to  the  profes- 
sional sessions  of  the  meeting,  but  the  guest  shall  not  take  part 
in  the  'proceedings  without  an  invitation  from  the  Presiding 
Officer.  Invitations  to  guests  of  members  for  the  entertain- 
ments provided  for  the  Society  shall  be  in  the  discretion  of  the 
Local  Committee. 

R  16.  The  Society  House  shall  be  open  at  all  hours  for  access 
to  members.  The  Library  shall  be  open  on  all  week  days  be- 
tween the  hours  of  10  o'clock  a.m.  and  10  o'clock  p.m.  It  shall 
be  conducted  as  a  Free  Public  Reference  Library  of  Engineering 
and  the  Allied  Arts  and  Sciences. 

R  17.  Juniors  who  were  elected  to  membership  in  the  Society 
six  years  or  more  previous  to  the  adoption  of  this  Constitution, 
shall  pay  the  same  dues  as  an  Associate,  beginning  with  the 
fiscal  year  which  opens  after  such  adoption.  Juniors,  who  have 
been  elected  less  than  six  years  before  that  date,  shall  pay  the 
dues  of  an  Associate  on  the  expiration  of  six  years  after  their 
election. 
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Opening  Session.     Tuesday,  December  1st,  1903. 

The  twenty-fourth  annual  meeting  of  the  Society,  which  was 
also  its  forty-eighth  convention,  was  held  in  l^ew  York  City,  at 
the  house  of  the  Society  and  its  Library,  N"o.  12  West  Thirty- 
first  Street,  during  the  days  December  1st  to  4th,  1903. 

The  opening  session  was  called  to  order  by  the  President  of 
the  Society,  Mr.  James  M.  Dodge  of  Philadelphia,  at  nine  o'clock 
on  Tuesday  evening. 

It  became  apparent  at  this  first  session  that  the  meeting  was 
to  be  one  of  phenomenal  size  in  the  matter  of  members  in  attend- 
ance, and  the  audience  crowded  the  auditorium  to  listen  to  the 
address  of  the  President. 

After  a  few  words  of  salutation  from  the  Chair,  Messrs.  Lane, 
Tompkins  and  Ivern  Dodge  were  appointed  tellers  under  the 
provisions  of  the  Rules,  to  count  the  Officers'  Ballot,  to  be  pre- 
sented at  the  next  succeeding  session,  and  Messrs.  La  Forge  and 
Louer  were  appointed  tellers  to  count  the  letter  ballots  on  the 
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Amonclments  to  the  new  Kulcs,  Avbicli  were  to  constitute  the  new 
Constitution,  Hy-Laws  and  Rules  of  the  Society. 

The  rivsiiknit  then  delivered  his  address,  entitled  "  The  Money 
\'alue  of  Technical  Training,''  which  appears  as  one  of  the  papers 
of  this  meeting. 

After  announcements  by  the  Secretary  concerning  the  meet- 
ing, a  recess  was  taken  to  partake  of  light  refreshments  served 
in  the  collation  room  and  for  an  informal  reunion  of  members. 

Second  Session.     Wednesday  Morning,  December  2nd. 

The  second  or  business  session  of  the  annual  meeting  was 
called  to  order  at  ten  o'clock  in  the  Hall  of  the  Mendelssohn 
Tnion,  113  AVest  Fortieth  Street.  This  step  was  made  neces- 
sary bv^  the  limited  accommodation  in  the  auditorium  of  the  So- 
ciety, which  compelled  a  choice  of  a  larger  meeting  room. 

The  headquarters  for  registration  and  other  executive  business 
was  retained  at  the  house  of  the  Society,  12  West  Thirty-first 
Street. 

The  registration  of  this  session  was  made  noteworthy  by  the 
first  effort  to  combine  the  system  in  use  at  previous  meetings, 
with  the  wearing  of  an  inconspicuous  tag  under  the  lapel  button 
and  immber,  which  carried  the  name  of  the  member  so  that  it 
could  be  read  at  short  distances.  It  was  believed  that  by  this 
])rocedure  the  comparative  awkwardness  of  hunting  up  a  man's 
luime  on  the  printed  register  lists  would  be  removed,  and  the 
social  a])])roach  of  members  to  each  other  would  be  stimulated. 
The  smooth  working  of  the  plan  in  its  tenative  form  justified  the 
experiment,  and  until  further  notice  it  will  be  carried  out.  Up 
to  the  adjournment  of  the  meeting  on  Friday  morning  there  were 
823  names  registered,  of  which  538  were  members.  This  is  the 
largest  enrollment  of  members  in  the  history  of  the  Society. 

The  first  matter  of  business  of  the  session  was  the  presentation 
to  the  meeting  of  the  Annual  Iteport  of  the  Council  and  Standing 
Committees  of  the  Society. 

These  reports  had  been  j)rinted  and  distributed  to  all  members, 
in  advance  of  the  meeting,  for  their  information ;  they  were  read 
by  the  Secretary,  by  title,  and  are  presented  herewith  for  record. 

Some  minor  changes  in  distribution  of  accounts,  in  the  Tleport 
of  the  accountant,  were  presented  v^erbally,  but  which  did  not 
alter  the;  totals,  merely  detail  of  allotment  of  expenses  to  certain 
accounts. 


k 
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The  Eeports  were  as  follows : 

ANNUAL   REPORT    OF    THE    COUNCIL. 
Fiscal  year,  1902-1903. 

The  Council  presents  herewith,  as  required  by  the  Eules  of  the 
Society,  a  report  of  business  which  has  passed  under  its  hand 
during  the  year  which  closes  with  the  annual  meeting  in  Decem- 
ber, 1903. 

The  most  important  business  of  the  year  has  been  the  an- 
nouncement of  the  munificent  purpose  of  Mr.  Andrew  Carnegie,  a 
member  of  the  Society,  to  give  the  sum  necessary  to  make  adequate 
provision  for  the  accommodation  of  the  four  national  societies 
of  engineers,  in  an  appropriate  building,  and  for  the  Engineers' 
Club  in  another.  Mr.  Carnegie  expressed  his  willingness  to  make 
the  amount  of  his  gift  exceed  a  minimum  of  one  million  dollars, 
if  that  sum  should  be  found  inadequate  to  give  the  accommoda- 
tion required  for  the  present  and  the  future  needs  of  the  organiza- 
tions which  he  named.  The  Council  was  convened  in  special 
session  on  the  afternoon  of  Thursday,  May  7th,  to  consider  the 
simple  proposition  of  Mr.  Carnegie's  letter,  at  which  eleven  mem- 
bers of  the  Statutory  Council,  and  seven  past  presidents  of  the 
Society  were  present.  The  Council  has  made  full  report  to  the 
membership  by  circular  of  the  resolutions  which  were  passed  at 
that  and  a  subsequent  meeting,  concerning  the  Carnegie  gift, 
which  have  been  made  matters  of  official  record  in  the  Trans- 
actions of  the  Forty-seventh  Meeting  at  Saratoga.  The  Council 
has  also  issued  full  bulletins  to  the  members,  which  were  also 
made  part  of  that  record. 

The  four  constituent  societies  named  by  Mr.  Carnegie  have 
appointed  representatives,  and  from  these  representatives  an  Ex- 
ecutive Committee  has  been  formed,  which  since  the  adjournment 
of  the  Saratoga  Meeting  has  been  formulating  the  details  of  the 
arrangement  of  the  building,  and  another  sub-committee  has  been 
considering  the  proper  method  for  the  management  and  control 
of  such  a  joint  undertaking. 

The  Report  of  these  committees  vriW  be  made  public  in  the  near 
future. 

The  Council  has  convened  for  routine  business  at  the  necessary 
intervals  during  the  year. 

It  took  favorable   action  at  its  first  meeting  concerning   the 
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issue  of  a  letter  ballot  whereby  the  individual  members  of  the 
Society  might  express  their  opinion  as  to  the  effect  of  the  adoption 
of  legislation  making  the  metric  system  compulsory  on  citizens  of 
the  United  States.  The  result  of  such  ballot,  with  the  expres- 
sion of  such  opinion,  was  reported  at  the  Saratoga  Meeting. 

The  Council  accepted  on  the  first  of  February,  the  resignation 
of  Mr.  Arthur  L.  Eice,  who  had  been  acting  as  Assistant  to  the 
Secretary,  and  confirmed  the  engagement  of  Mr.  Louis  A.  Gillet, 
under  a  different  financial  arrangement. 

The  Council  has  received  communications  during  the  winter 
from  members  in  different  cities,  concerning  the  probable  attitude 
which  it  would  take  with  respect  to  the  formation  of  local  chapters 
of  the  Society.  The  Council  has  in  every  case  directed  that  until 
the  Society  had  taken  ofiiicial  action  upon  that  provision  in  its  pro- 
posed Constitution,  looking  towards  the  formation  of  sections  of 
the  Society,  that  it  was  premature  to  open  discussion  on  these 
details. 

Mr.  C.  J.  H.  Woodbury  of  Boston  had  been  asked  to  represent 
the  Society  at  a  conference  for  the  revision  of  the  National  Stan- 
dard Electrical  Kules,  and  as  such  representative  has  furnished  a 
report  of  the  action  of  the  conference. 

An  arrangement  has  been  made  with  the  Engineers'  Club  of 
Philadelphia  whereby  the  privileges  of  the  house  of  that  Club, 
in  Philadelphia,  may  be  enjoyed  by  members  of  the  American 
Society  of  Mechanical  Engineers,  and  similarly  that  members  of 
the  Club  may  have  the  privilege  of  use  of  the  house  of  the 
A.  S.  M.  E.  in  New  York  City,  on  the  presentation  of  the  re- 
spective cards  of  introduction  issued  by  the  two  organizations  to 
their  respective  members. 

The  Council  has  expressed  the  interest  of  the  Society  in  cooper- 
ating with  the  American  Reception  Committee  of  the  Iron  and 
Steel  Institute  of  Great  Britain  in  their  undertaking  to  provide 
for  a  meeting  in  1904,  of  that  organization,  in  the  United  States. 

The  Council  has  acted  favorably  upon  a  request  that  a  pro- 
visional committee  should  be  created  to  consider  and  report  upon 
a  tonnage  basis  for  expressing  the  effectiveness  of  refrigerating 
machinery,  which  could  be  made  generally  acceptable  as  a 
standard.  Tliis  Committee  consists  of  Professor  D.  S.  Jacobus, 
Chairman,  ^Vfessrs.  E.  F.  Miller,  A.  P.  Trautwein,  G.  T.  Yoor- 
hf.-es,  P.  F)(;  Catesby  Ball. 

The  Council  has  liad  under  consideration  the  invitations  which 
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have  been  received  from  those  interested  in  the  success  of  the 
Louisiana  Purchase  Exposition  in  St.  Louis,  which  has  urged 
that  the  Societv  shall  select  the  Citv  of  St.  Louis  as  a  convention 
city,  during  the  summer  of  1904,  while  the  exposition  was  in 
progress. 

It  was  the  sense  of  the  Council  that  it  would  be  more  service- 
able if  the  convention  of  that  date  should  be  held  in  a  city  within 
convenient  access  by  rail  to  the  exposition  city  rather  than  in  St. 
Louis  itself. 

On  communicating  this  opinion  to  the  representative  members 
in  the  Citv  of  Chicao^o,  111.,  the  outcome  has  been  a  most  em- 
phatic  urging  that  Chicago  should  be  fixed  upon  as  the  point  for 
the  spring  convention  in  the  exposition  year.  The  Council  has 
acted  favorably  on  this  invitation  and  the  City  of  Chicago  has 
been  selected. 

It  has  been  further  decided  by  the  Council  to  avail  of  this  op- 
portunity to  invite  the  Institution  of  Mechanical  Engineers  of 
Great  Britain  to  hold  an  American  convention,  and  that  such 
convention  be  a  joint  session  with  the  Society  of  Mechanical  En- 
gineers, at  Chicago,  with  a  view  to  having  such  guests  of  the 
Society  as  might  come  from  Great  Britain,  Avithin  convenient 
access  of  the  exposition  city,  upon  the  same  journey  which 
brought  them  to  the  meeting. 

The  invitation  of  the  Council  has  been  cordially  accepted  by 
the  Institution  of  Mechanical  Engineers  of  Great  Britain,  and 
the  details  of  such  joint  meeting  are  in  progress.  The  Institu- 
tion of  Civ^il  Engineers  of  Great  Britain  was  also  invited  at  the 
same  time,  but  an  invitation  to  a  similar  joint  meeting  in  Septem- 
ber, and  its  acceptance  by  the  Institution,  made  it  impossible  that 
our  invitation  to  that  society  should  be  accepted  in  any  official 
way  for  the  month  of  May. 

The  Council  directed  that  the  practice  should  prevail  for  the 
present  of  having  the  Keport  of  the  Society's  accountant  audited 
each  year  by  a  fi.rm  of  public  accountants,  such  as  the  Audit  Com- 
pany of  Kew  York,  or  similar  competent  authority. 

The  Council  has  considered  a  request  to  undertake  the  respons- 
ibility of  organizing  the  Section  of  Mechanical  Engineering  in 
the  suggested  Inteirnational  Congress  of  Engineering,  in  connec- 
tion with  the  St.  Louis  Exposition. 

It  was  the  sense  of  the  Council  after  discussion,  that  in  the  ab- 
sence of  a  strong  demand  from  the  profession  itself,  for  the  hold- 
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ing  of  such  a  Congress,  that  it  would  not  be  advisable  that  this 
iTsponsibility  should  be  undertaken.  The  Council  has  decided 
to  maintain  a  head(|uarters  in  the  gallery  of  Machinery  Hall  of 
the  exposition  buildings  for  the  convenience  and  use  of  members 
of  the  Society  and  its  guests  and  the  necessary  appropriation  has 
been  made  for  the  employment  of  a  suitable  person  to  maintain 
such  headipiarters  and  attend  to  the  necessary  clerical  detail  in- 
volved. It  is  proposed  that  such  headquarters  should  be  a  centre 
for  ref^'istration  of  members  in  attendance,  and  for  the  disscmina- 
tion  of  information  concerning  the  exposition  to  visiting  mem- 
bers, but  that  it  should  not  be  maintained  as  an  exhibit  of  the 
achievements  of  the  profession. 

The  Council,  on  being  advised  of  the  sudden  death  of  Professor 
Robert  H.  Thurston,  the  first  President  of  the  Society  and  serv- 
ing for  two  terms,  from  1880-1882,  has  directed  the  entry  on  its 
minutes  of  a  Memorial  Tribute,  and  that  such  tribute  be  made  a 
•matter  of  record  and  presentation  at  the  general  meeting  of  the 
Society. 

The  Council  has  passed  votes  of  thanks  to  Miss  Louisa  Lee 
Schuyler  and  Mr.  W.  A.  Gabriel,  and  others  for  gifts  to  the 
Society  received  during  the  current  fiscal  year. 

The  Council  would  present  for  record  the  list  of  members  who 
have  died  during  the  current  year  as  follows: 

James  Spiers,  August  13,  1902 ;  W.  W.  Lindsay,  E'ovember 
12th;  Thos.  J.  Borden,  November  22d;  George  Leach,  November 
27th;  Geo.  P.  Fulton,  December  4th;  J.  F.  Pajeken,  December 
16th;  P.  F.  Greenwood,  December  22d;  J.  O.  Nixon,  January  3, 
1903;  A.  Christensen,  January  16th;  David  P.  Jones,  January  1, 
1903;  John  Ilulett,  January  31st;  Wm.  Harkness,  February  28th; 
Chas.  M.  Day,  February;  Victor  Mackiewicz,  February;  Edward 
A.  Darling,  March  16th;  John  P.  McGuire,  April  I7th;  Irving 
M.  Scott,  April  28th;  Elihu  Dodds,  June  10th;  George  Shaw, 
May  28th;  Edward  Graftstrom,  June;  George  S.  Morison,  July 
1st;  Wm.  Garrett,  July  15th;  E.  IL  Messer,  August  12th;  Wm. 
H.  Stratton,  August  13th;  John  Humphrey,  August  24th;  S.  J. 
Geoghegan,  September  7th;  Pulaski  Leeds,  September  8,  1903; 
L.  C.  Crowell,  September  lOfli;  Wm.  P.  Canning,  September  17, 
1903;  J.  Q.  Wricrht,  October  16th;  Robert  IL  Thurston,  October 
25,  190:];  y.  Aisawa,  October,  1903;  Sir  Fred'k  Bramwell, 
DecombfT  1,  1903. 

Pursuant  to  a  desirable  policy  inaugurated  a  year  ago,   the 
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Council  would  call  attention  to  the  report  of  its  Standing  Com- 
mittees covering  the  Society's  work  during  the  year. 

The  Reports  of  the  Library  and  House  Committee,  and  the  Re- 
port of  the  Executive  Committee,  and  of  the  Publication  Com- 
mittee, will  be  self-explanatory.  With  respect  to  the  Report  of 
the  Finance  Committee  the  Council  would  call  attention  to  the 
following  facts  and  deductions  from  that  Report: 

Items  deduced  from  the  accounts  of  fiscal  year  1902-d  shoioing  the  expense  incurred 
per  member : 

(1)  Total  members  as  per  July,  1903,  catalogue 2,573 

Deduct  for  members  who  have  paid  no  dues: 

Life  members 107 

Deaths  and  resignations 6 

Lapsed  memberships 35 

Members  who  have  not  paid  current  year 

at  September  30, 1903 101—  249 

Paying  membersliip,  1902-3.  .....  2,324 

(2)  Total  income  exclusive  of  1  per  cent,  from  dues 

carried  to  Library  Development  Fund,  90  per 
cent,  from  initiation  fees,  entire  life  member- 
ship receipts,  carried  to  Reserve  Fund,  and  en- 
tire Sinking  and  Fellowship  Fund,  subscriptions 
of  Mechanical  Engineers'  Library  Association  .  .  $38,662  03 

Income  earned  per  pajdng  member  (computed)..  .  .  16  63 

Income  earned    per   paying    member,   dues    only 

(computed) 14  20 

(3)  Total  expense   incurred  year  October  1,  1902,  to 

September  30,  1903,  less  cost  operating  house 
($3,347.54),  mortgage  interest  ($1,402.50), 
repairs  and  renewals  ($644.32),  depreciations 
house  and  furniture  ($481 .45)— $31,773  55: 

(4)  Total  expense  incurred  for  publications,  October  1, 

1902,  to  September  30, 1903 14,956  74 

(5)  Total   expense   incurred   for  salaries  in  Society's 

office  same  period 9,308  55 

(6)  Total  expense  incurred  for  all  other  accounts  except 

house 7,508  26—  31,773  55 

(7)  Total  expense  incurred  for  house,  including  interest 

on  mortgage,  repairs  and  renewals  and  depre- 
ciations        5,875  81 

Deduct  income  earned  from  rent  of  sleeping  rooms 

and  hall 2,002  25—   3,873  56 

Net  expense  incurred  for  year $35,647  11 

(Gross    expense,   $37,649 .  36   less    rental    income 
$2,002.25,  equals  $35,647. 11). 


10  rUOCEEDINGS   OF   THE 

Expinse  incurred  per  paying  mciiiber,  October  1,  1902,  to  September  30,  1003 

(S)  For  all  purposes  includinc;  house $15  33 

(9)  For  house  operation  including  interest  and  repairs...  1  66 

(10)  For  all  purposes  exclusive  of  house 13  67 

(11)  For  publications,  printers'  work,  engraving, 

binding  and  distribution $6  43 

(12)  For  salaries  in  Society's  office 4  04 

(13)  For  all  other  expenses  except  house 3  20 —       13  67 

(14)  For  house  operation  exclusive  of  mortgage  interest, 

repairs  and  renewals  and  depreciations 57 

(15)  For  house  operation  exclusive  of  mortgage  interest, 

but  including  repairs,  renewals  and  deprecia- 
tions    1  06 

(16)  For  operating  library 31 

(17)  For  postage,  circulars,  catalogues,  and  stationary 

and  printing  in  Society's  office 1  83 

(IS)  For  meetings,  and  all  other  expense  not  otherwise 

allotted  above 1  26 

Comparative  income  earned  with  expense  incurred  per  paying  member: 
Income  earned  from  dues  only,  per  paying 

member,  per  (2)  above 14  20 

Expense,  incurred  all  purposes,  per  paying 

member  as  per  (8)  above 15  33 

(19)  Excess  income  earned  from  dues  only  over  expense 

incurred  all  purposes  per  paying  member 113 
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APPENDIX   I. 
REPORT   OF   THE    PUBLICATION   COMMITTEE. 

To  the  Council  of  the  American  Society  of  Mechanical  Engineers: 

Gentlemen:  The  Publication  Committee  would  present  the  following  report 
as  work  under  its  direction. 

At  the  close  of  the  fiscal  year,  September  30,  1902,  the  Society  was  under 
obligation  to  its  printer  for  work  ordered  but  not  completed  nor  paid  for,  to  an 
amount  of  $597.00.  This  amount  has  been  paid  and  in  addition  the  expenses 
for  binding  and  distribution  of  Volume  XXIII  for  1901-2  have  amounted  to 
$2,757.08. 

The  net  cost  of  Volume  XXIII,  was  $10,677.54,  completed,  which  makes 
the  cost  per  copy  $4.10.     The  volume  had  878  pages. 

The  volume  of  Transactions  for  the  current  year  (Volume  XXIV),  contains 
the  Proceedings  of  the  New  York  and  Saratoga  Meetings.  The  selection  of  the 
month  of  June  for  the  meeting  has  made  it  impossible  to  bring  in  as  much  of 
the  expense  of  this  volume  into  the  current  fiscal  year  as  can  be  done  when  the 
meeting  falls  earlier  in  the  year. 

The  expense  incurred  for  Volume  XXIV  to  date  amounts  to  $8,656.74  and 
it  is  estimated  on  prices  furnished  for  completed  work  that  a  further  sum  amount- 
ing to  $6,300  will  be  needed  to  complete  this  volume,  making  its  estimated  total 
cost  $14,956.74  as  reported  in  sheet  B  herewith. 

Volume  XXIV  will  contain  1 ,560  pages,  which  is  about  a  hundred  pages  more 
than  the  largest  previous  volume  in  the  Society's  history.  Its  cost  has  been 
unusual  by  reason  of  the  very  voluminous  contributions  to  the  discussion  of 
the  metric  system  problem,  and  the  distributions  of  pamphlet  copies  to  all 
voters  in  the  membership.  The  volume  will  contain,  in  addition  to  the 
papers  and  discussions,  the  addresses  which  were  given  at  the  ceremonies 
connected  with  the  unveiling  of  the  Fulton  Memorial  in  December,  1901. 
These  were  omitted  from  their  proper  place  in  the  last  volume  by  reason 
of  the  necessity  imposed  for  reducing  expense  at  that  time.  The  items  which 
make  up  the  expenditure  of  the  Publication  Committee  and  the  totals  under  each 
item,  are  as  follows: 

Expended  for  work  to  date  on  volume  xxiv : 

Advance  papers $1 ,301  07 

Revised  papers 1,269  25 

Stenographer's  fees 276  75 

Engraving 672  49 

Composition  and  electrotyping 4,342  48 

Binding  extra  copies 259  20 

Postage  and  express 255  50 

Storage 280  00 

Total $8,656  74—   $8,656  74 
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Amount  brought  forward 86,656  74 

Kstimoted  nnu^unt  nv/ //*/•<■</  to  complete  volume  xxiv  : 

Revised  papers,  Saratoga 900  00 

Composition  and  electrotyping 2,400  00 

Binding. 2,300  00 

Distribution  expenses 700  00 

Total  reserved  to  complete  A^olume 

XXIV $6,300  00—    $6,300  00 


$14,956  74 
Respectfully  submitted, 

Publication  Committee. 

APPENDIX    II. 

REPORT  OF  THE  LIBRARY  AND  HOUSE  COMMITTEE. 

To  the  Council  of  the  American  Society  of  Mechanical  Engineers: 

Gentlemen:  The  Library  and  House  Committee  presents  the  following  report 
of  action  during  the  current  year.  This  Committee  is  intrusted  with  the  func- 
tions of  control  both  of  the  House  as  the  headquarters  of  the  Society  and  of  the 
Library,  which  is  housed  within  it. 

I.  The  Library  has  been  open  every  day  between  the  hours  of  10  a.m.  and 
10  P.M. — excluding  Sundays  and  legal  holidays,  except  during  the  months  of 
July  and  August.  By  reason  of  sickness  in  the  Library  staff  the  evening  open- 
ings were  suspended  during  these  months.  The  additions  to  the  Library  in  the 
form  of  exchanges  which  have  been  received  as  the  equivalent  of  the  annual  vol- 
ume of  the  Society's  Transactions  have  amounted  this  year  to  $533.00. 

The  Committee  has  expended  for  the  purchase  of  books,  $130.00,  and  for  bind- 
ing of  periodicals  and  pamphlets  in  exchange  from  other  societies  the  sum  of 
$113.58.  There  remains  a  credit  to  the  Society's  Library  with  the  house  of  D. 
Van  Nostrand  &  Co.,  for  Transactions  furnished,  for  which  books  are  to  be  pur- 
chased from  that  firm,  amounting  to  $328.75.  There  is  a  similar  credit  with 
Spon  &  Chamberlain  of  $16.50.  Since  the  last  report  a  year  ago,  visitors  to  the 
Library  have  numbered  1,800,  averaging  six  persons  a  day. 

The  Library  has  received  from  Miss  Louisa  Lee  Schuyler  a  gift  of  interesting 
antiquities  from  the  library  of  her  father,  the  late  George  L.  Schuyler. 

For  the  conduct  of  the  work  in  the  Library,  the  Committee  has  had  the  ser- 
vices of  so  much  of  Mr.  Louis  A.  Gillet's  time  as  could  be  spared  from  his  duties 
as  Assistant  to  the  Secretary  in  other  lines,  and  two-thirds  of  the  time,  including 
evenings,  of  Miss  Thornton,  as  librarian  and  cataloguer  The  manuscript  of 
the  card  catalogue  ha.s  been  supplemented  and  extended  as  far  as  the  book  titles 
are  concerned,  and  the  Committee  hope  in  the  near  future  to  issue  a  Library 
catalogue  in  printed  form  for  distribution. 

On  arrount  of  tlie  expense  involved  this  has  not  been  done  up  to  the  present 
time.  The  number  of  volumes  in  the  Library  at  the  date  of  this  report  is  as 
follows: 

Hooks 8,500 

Pamphlets 3,000 
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The  appraisal  reports  published  on  page  19  and  20,  of  Volume  XXIV,  made  the 
value  of  the  Library,  SlO.OOO;  the  present  book  valuation  is,  $10,979.52.  This 
is  based  on  the  additions  of  new  books,  and  without  making  allowance  for  any 
depreciation. 

II.  During  the  fiscal  year  the  Council  appropriated  for  the  needs  of  the  house 
the  sum  of  $5,822.50.  The  net  expense  incurred  under  this  appropriation  has 
been  as  follows: 

For  operating  expenses $3,347  54 

For  interest  on  mortgage 1,402  50 

For  repairs  and  additions 644  32 

Total $5,394  36 

This  is  about  $200.00  in  excess  of  last  year,  which  is  mainly  to  be  attributed  to 
the  falling  due  of  long  term  insurance  premiums,  and  to  increased  expenditure 
for  necessary  furniture.  The  cost  of  fuel  also  this  year  is  in  excess  of  a  year  ago. 
The  figures  in  the  financial  report  include  credits  on  House  Account,  which  are 
not  included  in  the  above  totals. 

The  receipts  on  account  of  room  and  hall  rentals  for  the  year  have  aggregated 
$2,002.25.  The  total  expense  of  operating  the  house,  exclusive  of  interest 
charges  on  mortgage^  repairs  and  renewals  and  depreciations  has  been  $3,347.54. 
Subtracting  the  receipts  makes  the  net  expense  of  operating  the  house, 
$1,345.29,  and  the  total  expense,  including  interest  on  mortgage,  repairs  and 
renewals,  and  depreciations  but  excluding  an  interest  on  the  value  of  the 
equity,  $5,875.81.  The  expense  incurred  in  detail  for  the  house  has  been  as 
f  oUows : 

Interest  on  mortgage $1,402  50 

Gas  and  electric  light 428  40 

Fuel * 302  50 

Janitor's  supplies 195  60 

Laundry 407  32 

Insurance 155  63 

Repairs  and  Renewals,  house 298  76 

Repairs  and  Renewals,  furniture 345  56 

Wages 1,740  00 

Incidentals 118  09 

Total  exclusive  of  depreciation $5,394  36 

Depreciations 481  45 


;,875  81 


The  House  Committee  employs,  for  the  conduct  of  the  house  and  hbrary  ad- 
ministration, a  janitor  and  his  wife  (at  $60  per  month),  and  has  the  services  for 
part  of  his  time  each  day,  of  a  man  whose  other  duties  attach  to  the  work  of  the 
Secretary's  office. 

The  auditorium  has  been  used  during  the  year  for  some  of  the  meetings  of  the 
Institute  of  Electrical  Engineers,  but  that  organization  has  outgrown  the  limited 
capacity  of  the  hall,  and  expects  to  make  other  arrangements  tor  the  future. 
The  same  difficulty  has  arisen  as  to  the  accommodation  of  the  New  York  Rail- 
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road  Club.  The  societies  meeting;  regularly  in  our  auditorium  now  are  the 
Society  of  Naval  Architects  and  Marine  Engineers,  the  American  Society  of 
Heating  and  Ventilating  Enginecis,  the  Society  of  Municipal  Engineers,  and 
a  few  sinaller  bodies.  A  session  of  the  Institute  of  Mining  Engineers  was  held 
here  in  the  autumn. 

Tlie  Connnittee  has  considered  offers  for  the  House  and  Lot  at  No.  12  West 
Tliirty-first  Street,  ranging  between  ninety  thousand  and  ninety-five  thousand 
dollars,  in  view  of  the  inconvenience  wliich  would  be  entailed  by  present  removal 
from  tiie  Society  House,  and  in  view  of  the  expected  rise  in  value  of  the  property 
durinji  the  period  which  must  elapse  before  the  Carnegie  building  is  completed, 
the  Committee  has  reported  against  the  acceptance  of  these  propositions.  It 
has  not  been  thought  advisable  to  raise  the  appraisal  value  on  the  books  of 
the  Society. 

The  Committee  believes  that,  from  the  location  of  the  house  and  from  the  chang- 
ing character  of  the  street  (which  is  becoming  more  and  more  a  business  centre), 
the  value  of  its  holding  will  increase  as  the  date  of  the  completion  of  the  Penn- 
sylvania Terminal  at  Seventh  Avenue  draws  nearer. 

Pursuant  to  the  direction  of  the  Council  that  one  per  cent,  of  the  total  income 
from  dues  should  be  laid  aside  and  reserved  for  the  extension  of  the  Library,  the 
Committee  calls  attention  to  the  fact  reported  in  the  Financial  Statement,  that 
the  one  per  cent,  for  the  current  year  amounts  to  $319.39.  This  sum  has  been 
depo.sited  in  the  Institution  for  the  Savings  of  Merchants'  Clerks  in  New  York 
City,  to  l)e  drawn  upon  by  the  Society,  and  will  be  drawing  interest' until  such 
demand  is  made. 

Respectfully  submitted, 

Ltbraky  and  House  Committee. 


APPENDIX    III. 

REPORT  OF  THE  EXECUTIVE  COMMITTEE. 

To  the  Council  of  the  A  merican  Society  of  Mechanical  Engineers: 

Gentlemen:  The  Executive  Committee  of  the  Council  has  special  oversight 
of  those  expenditures  through  the  Secretary's  office,  and  other  channels  which 
do  not  attach  them.selves  directly  to  the  work  of  any  of  the  stated  committees. 
The  items  which  fall  under  the  headings  of  such  expenditure  for  the  current 
year  exclusive  of  .salaries,  are  grouped  in  the  following  statement  with  the  amounts 
attaching  to  each. 

Kxpenne  incurred  for : 

Certificates  and  introduction  cards $179  11 

Hadgf'S,  distnbution  and  repairs 32  17 

Circulars 1,863  02 

Meetings 924  92 

Catalogues 1 ,696  86 

Office  accounts,  exclusive  of  salaries 1,687  00 

The  account  "certificates  and  introduction  cards"  covers  the  expenditure 
for  printing,  engrossing  and  distribution  of  the  diplomas  of  membership,  and  the 
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introduction  cards  which  are  given  by  this  Society  to  members  when  their  initia- 
tion fees  are  paid.  The  badge  account  is  the  expenditure  connected  with  dis- 
tribution only,  since  the  badge  itself  is  billed  to  the  member  at  the  jewelers' 
price. 

Under  the  head  of  circulars  the  expenditure  is  grouped  into  three  heads. 
What  are  known  as  "admission  circulars"  cover  application  blanks,  the  con- 
fidential inquiries,  announcements  of  election  and  the  like,  and  have  amounted 
to  $580.73.  The  circulars  in  connection  with  meetings  are  the  notices,  pro- 
grams, registers  of  members  in  attendance  and  the  like,  but  does  not  cover  any 
expense  connected  with  the  professional  papers.     The  total  this  year  is  $595.23. 

Under  general  circulars  are  all  others  which  do  not  fall  into  either  of  the  other 
groups.  The  total  this  year  is  SG87.06,  and  is  much  larger  than  usual  by  reason, 
first  of  the  expenses  of  printing  the  draft  of  the  Constitution,  By-laws  and  Rules 
for  the  use  of  the  Committee,  and  for  distribution  to  the  members,  together  with 
some  extra  and  unusual  printing  in  connection  with  the  expression  of  opinion 
which  was  ordered  concerning  compulsory  legislation  on  the  Metric  System. 

The  Employers'  Bulletins  issued  this  year  have  been  four  in  number,  and  are 
included  under  this  heading. 

Under  the  heading  of  "Meetings"  fall  the  expenses  in  connection  with  the 
two  semi-annual  meetings,  outside  of  the  printing  and  circulars.  Such  expenses 
this  year  have  amounted  to  $613.20.  In  addition  under  the  Committee's  care 
have  been  the  monthly  reunions  of  members  in  New  York  City,  directed  by  the 
Council,  for  which  the  expenditure  has  been  $311.72.  There  were  four  of  these 
meetings  held  during  the  months  of  January,  February,  March,  and  April. 
The  topics  were: 

"The  Steam  Truck  for  Heavy  Duty,"  "The  Pich  Process  for  Brazing  Cast- 
iron,"  "Varnishes,"  and  the  "Turbine  as  a  Recorder  of  the  Flow  of  Streams." 

The  paper  by  Mr.  Allen  on  the  Turbine  has  been  published  in  the  Transactions. 
The  meeting  at  which  the  paper  on  Steam  Trucks  was  presented  was  the  most 
fully  attended. 

Under  catalogues  is  included  the  expenses  for  composition,  press  work,  paper, 
and  postage,  of  the  two  issues  of  the  catalogue.  By  direction  of  the  Council, 
these  issues  were  both  made  this  year  in  the  standard  size,  and  the  "vest  pocket 
edition"  was  discontinued.  In  the  July  edition  a  "geographical  finding  list" 
was  incorporated,  and  will  be  continued  as  a  feature  of  the  catalogues  as  issued 
in  the  future.  Under  the  heading  of  "Office  Accounts"  are  included  stationary, 
postage,  telegraph  and  telephone,  office  supplies  and  incidentals.  It  •will  be 
apparent  that  this  group  of  accounts  under  the  Executive  Committee  will  vary 
with  the  size  of  the  Society,  and  the  amounts  will  increase  with  the  Society's 
growth. 

The  Committee  would  report  certain  changes  under  its  direction  in  the  matter 
of  salaries  paid  in  the  Secretary's  office.  It  has  made  arrangements  whereby  the 
salary  paid  to  the  Assistant  to  the  Secretary  shall  be  at  the  rate  of  $1,500  for  the 
first  year,  with  an  increase  of  $100  a  year  to  a  limit  of  $2,000.  In  recognition  of 
the  services  to  the  Society  rendered  by  the  accountant,  and  their  increasing  re- 
sjx)nsibility  as  the  Society  increases,  and  the  amount  of  income  which  must  pass 
through  his  hands,  the  Committee  have  recommended  that  the  salary  of  his 
position  be  placed  at  $2,400  a  year. 

The  great  increase  in  the  size  of  the  Society,  and  the  volume  of  business  to  be 
transacted  in  its  offices,  has  made  it  necessary  to  add  to  the  force  of  stenographers, 
so  that  a  capable  stenographer  and  typewriter  should  be  available  for  clerical 
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work,  in  addition  to  the  requirements  of  the  correspondence.  These  changes 
have  been  made  at  difTerent  times  during  the  year,  so  that  the  total  of  salaries 
is  different  this  year  from  what  it  will  be  hereafter  when  the  full  yearly  rate 
is  to  be  reported.     The  expenditures  for  this  year  are  as  follows: 

Secretar>' $3,600  00 

Assistant  to  Treasurer  and  accountant 2,300  02 

Assistant  to  Secretary — 4f  months $950  00 

Assistant  to  Secretary— 7i  months 928  53 —  1 ,878  53 

Stenographer 780  00 

Assistant  Stenographer— 1  month 30  00—     810  00 

Mail  clerk 720  00 


$9,308  55 
Respectfully  submitted. 

Executive  Committee 
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At  the  conclusion  of  the  presentation  of  these  reports,  and  some 
questions  and  explanations  concerning  them,  the  Chair  called  on 
Mr.  Charles  Wallace  Hunt,  representative  of  the  Society  on 
the  Joint  Committee  intrusted  with  the  consideration  of  the 
proposition  from  Mr.  Andrew  Carnegie  to  present  a  building  to 
the  profession  of  Engineering,  for  the  joint  uses  of  the  societies. 

The  statements  made  by  Mr.  Hunt  have  been  embodied  in  a 
separate  report,  which  is  made  an  appendix  to  these  minutes,  and 
to  which  members  are  referred. 

The  President  then  called  for  the  reports  of  the  Tellers,  next  in 
order.     There  Avere  three  groups  of  these  reports. 

The  Tellers  of  members  presented  the  following  report: 


REPORT    OF    TELLERS. 

The  undersigned  were  appointed  a  Committee  of  the  Council  to 
to  act  as  tellers,  under  Artile  11  of  the  Rules,  to  scrutinize  and 
count  the  ballots  cast  for  and  against  candidates  proposed  for 
membership  in  their  several  grades  in  the  American  Society  of 
Mechanical  Engineers,  and  seeking  election  before  the  XLYIIIth 
Meeting,  Xew  York,  1903. 

They  have  met  on  the  designated  day  in  the  oflBce  of  the  Society 
and  have  proceeded  to  the  discharge  of  their  duty.  They  would 
certify  for  formal  insertion  in  the  records  of  the  Society  to  the 
election  of  the  following  persons,  whose  names  appear  to  the  ap- 
pended list  in  their  several  grades. 

There  are  58  members  elected,  15  associates,  and  46  juniors, 
making  a  total  increase  of  119  names. 

There  were  567  blue  ballots  cast  of  which  12  were  thrown  out 
because  of  informalities.  The  tellers  have  considered  a  ballot  as 
informal  which  was  not  endorsed. 

C.  W.  Hunt,     )  ^ 

S.   S.  Webber,      ^'^^''^'  of  Election. 


Aiken,  Chas.  W. 
Albert,  Otto 
Albright,  H.  F. 
Allen,  Benj.  T. 
Black.  Edward  S. 
Bloomberg,  J.  H. 
Brown,  Hugh  T. 
Carse,  Jno.  B. 
Child,  E.  T. 


For  Members. 

Colwell,  J.  Van  V. 
Conrad,  E.  B. 
Cooke,  Fred  VV. 
Donnelly,  Wm.  T. 
Duncan,  J.  D.  E. 
Edgar,  Ellis  F. 
Ellicott,  Edw.  B. 
Fleming,  H.  S. 
Folger-Osborne,  G.  F. 


Foucard,  M.  L. 
Gardner,  Thos.  M. 
Gilbreth,  Frank  B. 
Goddard,  A.  L. 
Gray,  Xiel,  Jr. 
Greene,  F.  S. 
Grossman  Albert 
Harper,  Lewis  E. 
Harrington,  Jno.  L. 
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Harrington.  Norman  T. 
1 1  ay  ward,  S.  F. 
ITpitinaer.  A.  II. 
Iless,  Howard  I\  ^ 
Howe.  Albert  W. 
llulett.  Uoo.  H. 
Ingersoll.  Geo.  T. 
Johnson,  WtM-uer 
Knox.  Luther  L. 
Lincoln.  Kobt.  B. 


Lindstrom,  N.  0. 
MacDonaUl,  D.  II. 
Merry  weather,  Geo.  E. 
Mix.  Edgar  W. 
Moore,  A.  B. 
Moore.  Wni.  E. 
Pattisou,  F.  A. 
Peirce,  Arthur  W.  K. 
Pritchard.  W.  S. 
Quirk,  Wm.  M. 
Reid,  Marcellus 


Rickey,  Walter  J. 
Robinson,  Frank  H. 
Shepard,  Geo. 
Shepard,  Louis  A. 
Sprado,  Carl  G. 
Stebbins,  Theo. 
Street,  Edgar  L. 
Tandy,  Harry 
Warg,  Robert 
Waterman,  Charles 


Allan.  Percy 
Astrom,  J.I. 
Berg,  Hart  O. 
Blood,  Jno.  Halch 
Bunnell,  S.  H. 
Dollar.  Wm.  M. 
Diicommun,  Edward 


For  Promotion  to  Full 
Ekstrand,  Charles 
Fernald,  Robt.  H. 
Hoffman,  James  D. 
Jaquays,  H.  M. 
Kellemen,  H.  F. 
Kirk,  Robt.  H. 
Malvern.  L.  K. 
Morrow,  Percy  C. 


Membership. 

Parker,  Charles  H. 
Powell,  Emery  H. 
Rushmore,  David  B. 
Smith,  Harry  E. 
Stanley,  A.  W. 
Stevens,  Alfred  H. 
Trowbridge,  Amasa 


Aldcom,  Thomas 
Bell.  Jno.  E. 
Caldwell,  J.  R. 
Dornin,  Geo.  A. 
Holz,  Fred.  II.,  Jr, 


For  Associates. 

Lauer,  C  N. 
Loscher,  A.  P. 
Nichols,  William  W. 
Peck,  Chas.  B. 
Pell,  David  W. 


Ransom,  Allan 
Saldana,  E.  E. 
Saunders,  E.  W. 
Umstead,  C.  H. 
Waddell,  Chas,  E. 


Bateman,  Edw.  L, 


For  Promotion  to  Associate. 


Finley,  A.  D. 


Streeter,  L.  P. 


Anderson.  H.  B. 
At  wood,  (ieo.  D. 
Bailey,  Ervin  G. 
Barlow,  E.  S. 
Bennett.  Geo.  G. 
Berliner,  R.  W. 
Bougliton,  J.  II. 
Brown.  E.  H. 
Caw,  Albert  11. 
Chaiard,  Wm.  M. 
Col  well,  <  h&H.  A, 
Conm\)H,  11.  A. 
Drey f U.S.  Theo.  F. 
Ehrmann.  Jno.  I*. 
Harwv.  Rich.  P. 


For  Juniors. 

Hawley,  Wm.  P. 
Helmes,  M.  J. 
Henes,  L.  G. 
Howlett,  Lewis  G. 
Jones,  Jarrard  E. 
Jordan,  Wm.  A. 
Jump,  E.  P. 
Kasson,  R.  S. 
Katzen stein,  M.  L. 
Klein,  A.  W. 
Kleinhans,  Frank  B. 
Lowe,  Henry  L. 
Moran,  II.  P. 
Morison.  Geo.  A. 
Morrison.  Hunter 
Pettit,  Frank 


Pitkin,  Jos.  L. 
Reis,  Leslie  R. 
Richards,  W.  A. 
Rossberg,  Chas.  A. 
Schuetz,  Fredk.  F. 
Springer,  Jno.  J. 
Staples,  n.  A. 
Stevens,  Robt.  II. 
Stone,  Thos.  W. 
Thatcher,  R.  P. 
Westerfield,  Geo,  S. 
Wettengel,  C.  Albert 
Whittemore,  H.  L. 
Wilson,  Henry  D. 
Woldenberg,  I. 
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The  report  required  no  action  and  was  ordered  on  file. 

The  tellers  to  count  the  letter-ballot  concerning  the  adoption 
of  the  proposed  Constitution,  By-Laws  and  Rules  in  the  form 
favorably  acted  on  by  the  Saratoga  Meeting,  presented  their  re- 
port as  follows: 

REPORT  OF  TELLERS  APPOINTED  TO  COUNT  THE  BALLOTTS  CAST  ON 
THE  PROPOSED  AMENDMENTS  TO  THE  RULES. 

The  Committee  of  Tellers  appointed  to  count  the  ballots  cast  by 
members  for  and  against  the  adoption  of  the  Constitution,  By- 
Laws  and  Rules,  as  reported  by  the  Committee  on  Revision  of  the 
Rules  and  Methods,  begs  to  submit  the  following  report: 

Total  ballots  cast 448 

Ballots  thrown  out  unsigned 4 

*  "         "    signed  by  rubber  stamps 2 

Other  iDformal  ballots 0 

Total  informal  ballots  excluded 6 

Total  ballots  counted  by  tellers 442 

Of  the  regular  ballots  so  counted  by  the  tellers,  they  would  re- 
port the  following  results: 

In  favor  of  adoption  of  said  Constitution,  By-Laws  and  Rules 437  ballots 

Against  the  adoption  of  said  Constitution,  By-Laws  and  Rules 5       " 

Total 442       " 

Our  count,  therefore,  shows  that  the  Constitution,  By-Laws  and 
Rules,  as  submitted  at  the  Saratoga  Meeting,  1903,  is  adopted  by 
the  vote  of  the  membership. 

Respectfully  submitted, 

F.  M.  Laforge,  1  ^  T7J    ,' 

^    T  \  lellers  of  iLlection. 

C.    LOUER,  j  '^ 

On  presentation  of  this  report,  under  the  provisions  of  the 
new  Constitution,  the  new  Constitution,  By-Laws  and  Rules 
went  into  effect  on  the  announcement  of  the  president  of  the 
formal  vote. 

The  tellers  of  election  of  officers  presented  their  report  as  fol- 
lows: 

REPORT    OF    TELLERS. 

The  Committee  of  Tellers  appointed  to  count  the  ballots  cast  by 
the  members  for  officers  of  the  American  Society  of  Mechanical 
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Engineers,  for  the  year  11K)3-1904,  begs  to  submit  the  following 
report: 

Total  ballots  cast '^02 

Ballots  thrown  out  unsigned 23 

•'    signed  with  rubber  stamps 0 

Other  inforuinl  ballots  (scratched) 21 

Total  informal  ballots 23 

Total  ballots  counted  by  tellers 702 

Of  the  regular  ballots  counted  by  the  tellers,  they  would  report 
the  following  result: 

For  President. 

Ambrose  Swasey,  Cleveland 676 

Scattering — 

For  Vice-Presidents. 

D.  S.  Jacobus,  Hoboken,  N.  J 674 

M.  L.  Holman,  St.  Louis,  Mo 669 

Wm.  J.  Keep,  Detroit,  Mich 669 

For  Managers. 

Ceorge  I.  Rock  wood,  "Worcester,  Mass 672 

John  W.  Lieb,  Jr.,  New  York  City 673 

Asa  M.  Mattice,  Pittsburg,  Pa 674 

Scattering 1 

For  Treasurer. 
Wm.  H.  "Wiley,  New  York  City 677 

Our  count  shows,  therefore,  election  of  Mr.  Swasey  for  Presi- 
dent; Messrs.  Jacobus,  Holman  and  Keep  for  Yice-Presidents ; 
Messrs.  Eockwood,  Lieb,  and  Mattice  for  Managers.     Mr.  Wiley 

for  Treasurer. 

Respectfully  submitted, 

Kern  Dodge,        ] 

H.  M.  Lane,         \  Tellers  of  Election. 

S.  D.   Tompkins,   ) 

At  the  conclusion  of  its  reading  by  the  Secretary,  the  President 
refjuested  Professor  Sweet,  appointed  a  special  committee  for  this 
purpose,  to  escort  the  President-elect  to  the  platform. 

Mr.  Ambrose;  Swasey  was  then  greeted  l)y  the  President  and 
in  a  few  words  of  recognition  and  greeting  spoke  of  his  pleasure 
at  the  honor  conferred.  lie  took  his  seat  on  the  platform  at  the 
side  of  the  presiding  officer. 
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The  President  then  called  for  the  regular  order  of  business  of 
the  session. 

Professor  H.  W".  Spangler  presented  the  report  of  the  com- 
mittee of  which  he  was  chairman,  covering  the  proposed  Stand- 
ard Specifications  for  Steel  Forgings,  Steel  Castings  and  Boiler 
Plate. 

This  report  was  discussed  by  Messrs.  Henning,  Lanza,  Carpen- 
ter, Kandolph,  Kent,  Dingee,  Flint  and  Bement. 

At  the  close  of  the  debate  on  professional  questions,  Mr.  James 
Christie  moved  that  the  Report  of  the  Committee  be  referred  to 
Committee  Xo.  1  of  the  American  Association  for  Testing  Ma- 
terials. 

This  nidotion  being  duly  seconded  was  passed.  The  report  and 
discussion  appears  as  one  of  the  papers  of  this  meeting. 

Mr.  H.  H.  Suplee  referred  to  the  increasing  collection  of  ma- 
terial of  value  in  the  Library  of  the  Society,  and  that  in  his  in- 
vestigations as  to  the  very  earl}^  history  of  some  of  the  trans- 
atlantic societies  of  engineers  it  had  come  to  his  notice  that  their 
early  records  were  very  meagre.  By  the  death  of  those  familiar 
with  this  early  history,  these  early  records  had  become  unattain- 
able, and  that  while  there  was  a  YQry  excellent  account  of  the 
formation  of  this  Society  in  the  second  edition  of  Volume  I  of 
the  Transactions,  there  is  also  a  considerable  amount  of  material 
now  extant  in  the  form  of  recollections  of  interested  members 
which  would  in  time  become  unavailable. 

Mr.  Suplee  suggested  that  the  Chair  appoint  a  committee  to 
examine  the  records  of  the  Society  and  prepare  such  formal  mem- 
orial covering  its  property  and  curiosities,  as  well  as  recollections 
of  its  early  history,  which  should  appear  either  in  routine  form 
of  the  Transactions,  or  separately,  as  may  be  thought  best,  with 
the  particular  view  of  having  this  material  available  for  the 
twenty-fifth  anniversary  of  the  Society,  which  would  occur  within 
two  years. 

Mr.  Charles  Wallace  Hunt  in  seconding  this  motion  spoke  of 
the  portrait  of  John  Ericsson,  with  a  very  interesting  history, 
and  the  table  of  Robert  Fulton's,  and  that  in  his  opinion  such  a 
memorial  record  would  be  a  most  interesting  and  useful  record, 
especially  to  the  younger  members  of  the  Society. 

The  question  was  put  by  the  President  and  carried. 

The  Chair  subsequently  appointed  Messrs.  John  E.  Sweet, 
Chas.  Wallace  Hunt  and  H.  H.  Suplee. 
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I'rofossional  pa])ers  were  then  taken  up  for  the  remainder  of 

the  niorninix: 

"  Is  Anything  the  ^Matter  with  Piece  Work  "  ?  by  Mr.  Frank 
Richards;  paper  by  II.  L.  Gantt  on  "  Modifying  Systems  of  Man- 
agement ",  and  by  Prof.  John  E.  Sweet  on  "  What  are  the  New 
Machine  Tools  to  be  ''  ?  The  participants  in  debate  were  Messrs. 
II.  L.  (lantt,  Oberlin  Smith,  Bates,  Fred  W.  Taylor,  Balkwill, 
DuP.rul    Emerson,    Parker,    Riggs,    Fairfield,    Ilenshaw,    and 

Schneble. 

The  Secretary  made  some  announcements  and  a  recess  was 
taken  until  the  morning  of  Thursday,  December  3rd,  at  the  Stev- 
en's Institute  of  Technology,  lloboken,  at  10:30. 

Wednesday  Afternoon. 

For  this  afternoon  the  stations  of  the  Interurban  Street  Rail- 
way Com])any  at  Ninety-third  Street,  the  Manhattan  Elevated 
Railway  Company  at  Seventy-fourth  Street,  and  the  Waterside 
Station  of  the  New  York  Edison  Company  at  Thirty-eighth 
Street,  on  the  east  side  of  the  city,  were  open  to  members. 

The  members  Avere  assembled  at  luncheon  in  the  auditorium  of 
the  Society  House,  and  parties  were  made  up  for  the  visit  to  these 
various  points. 

Xo  assignment  w^as  made  for  the  evening  of  Wednesday  with 
a  view  to  leaving  the  visitors  free  to  avail  themselves  of  the  op- 
]X)rtunities  of  the  city  in  musical  and  dramatic  lines. 

Tiiiui)  Session.     Thursday  Morning,  December  3rd. 

By  invitation  of  the  President,  Trustees  and  Faculty  of  the 
Stevens  Institute  of  Technology,  the  session  this  morning  was 
lield  in  the  auditorium  of  the  Institute  in  its  main  building. 

The  session  was  called  to  order  at  half-past  ten,  wdth  President 
Dodge  in  the  chair.  The  following  professional  papers  were 
tiiken  up: 

W.  V>.  Gregory,  "  The  Pitot  Tube  " ;  F.  B.  Perry,  "  Method  of 
Determining  Rates  and  Prices  for  Electric  Power";  D.  S.  Jaco- 
bus, ''  Tests  of  a  Compound  Engine  Using  Superheated  Steam  " ; 
E.  F.  Miller,  '*  Tlie  Pressure  Temperature  Curve  of  Sulphurous 
Anhydride  fSOo)";  Benj.  T.  Allen,  "Construction  and  Effici- 
ency of  a  Fleming  Four- valve  Engine";  C.  G.  Barth,  "Slide 
Rules  for  the  Machine  Shop  as  a  Part  of  the  Taylor  System  of 
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Management  " ;  and  the  paper  by  Mr.  F.  A.  Scheffler  on  "  Sugges- 
tions for  Shop  Construction."  The  participants  in  debate  on 
these  papers  were  Messrs.  Ennis,  Ileisler,  Suplee,  Carpenter, 
Eockwood,  Kent,  Kerr,  Seymour,  Wheeler,  Moss,  Rice,  Child, 
Goss,  Cluett,  and  E.   S.  Hale. 

At  the  close  of  the  meeting  the  members  were  divided  into  two 
groups,  one  of  which  took  luncheon  in  the  Carnegie  Laboratory, 
and  the  other  was  escorted  by  guides,  from  the  Institute  students, 
through  the  laboratories  and  equipment  of  the  Institute. 

On  completion  of  their  tour,  this  group  was  entertained  at 
luncheon,  and  at  half -past  two  the  members  re-assembled  in  the 
auditorium  to  listen  to  a  most  interesting  and  striking  presenta- 
tion of  the  properties  of  oxides  of  aluminum  in  producing  intense 
local  heat  sufficient  to  melt  masses  of  considerable  size,  such  as 
rails,  flanges  and  the  like.  The  most  striking  example  was  the 
melting  of  a  piece  of  pipe. 

Dr.  Goldschmidt  gave  to  his  lecture  the  title  of  Alumino  Ther- 
mics. 

In  the  evening  the  usual  reception  to  the  visiting  members  was 
tendered  by  the  Xew  York  members  of  the  Society,  at  Sherry's, 
Fourty-fourth  Street  and  Fifth  Avenue,  Xew  York  City. 

The  reception  line  included  President  Dodge  and  Mrs.  Dodge, 
President-elect  Swasey  and  Mrs.  Swasey.  Over  600  persons  were 
in  attendance  and  dancing  was  kept  up  until  a  late  hour. 

Fifth  Session.     Friday  Morning,  December  4th. 

The  closing  session  of  the  convention  was  called  to  order  in 
the  auditorium  of  the  Society,  12  West  Thirty-first  Street,  at  ten 
o'clock.  The  following  professional  papers  were  taken  up  and 
discussed:  By  C.  H.  Morgan,  entitled  '^A  Compact  Gas  Engine — 
Beam  Type";  '^Standard  Unit  of  Eefrigeration ",  by  J.  C. 
Bertsch:  "A  Series  Distilling  Apparatus  of  High  Efficiency", 
by  Prof.  W.  F.  M.  Goss;  ^'Air  Motors  and  Air  Hammers,  Ap- 
paratus and  Methods  for  Testing",  by  Max  H.  AYickhorst; 
'' Valve  Motion  of  Duplex  Air  Compressor",  by  S.  H.  Bunnell. 
The  participants  in  debate  on  these  papers  were  Messrs.  Ilobart, 
Suplee,  Jacobus,  Yoorhees,  Bunnell,  Shiple}",  Eeeve,  Magruder, 
Kent,  Thwait,  Morse,  Uehling  and  Jones. 

At  the  close  of  the  professional  papers  the  President  announced 
that  new  or  executive  business  was  in  order. 

The  Secretarv  bv  direction  of  the  Council  presented  the  follow- 
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iiiir  tribute,  prepared  bv  ^lessrs.  John  E.  Sweet,  Robert  W. 
Hunt,  ami  John  Fritz,  a  special  committee  of  the  Council  and 
which  that  body  had  directed  should  be  read  in  the  general 


meeting. 


A  THIIUTE   TO   DOCTOR   THURSTON. 

Sudden  death  has  called  from  us  our  first  President, 

_^  Doctor  Robert  H.  Thurston, 

the  one  of  all  best  known  to  us  through  his  work  for  the  Society; 
the  one  of  all  best  known  in  technical  education,  and  the  one  of 
all  best  known  to  engineers  of  the  world. 

His  name  will  last  as  long  as  this  Society  lasts,  and  we  who 
knew  knew  him  best  will  hold  his  name  in  loving  remembrance 
as  long  as  we  live.  We  mourn  him,  and  to  his  wife  and  children, 
to  whom  his  loss  is  so  much  greater,  we  extend  our  sincere  sym- 
pathy. 

God  has  called  to  Himself  one  of  his  noblemen ;  the  peer  of  his 
associates  and  a  model  for  the  young  men  of  America. 

It  is  such  as  he  who  makes  life  worth  living.  Remembering 
his  greatness,  let  us  try  to  emulate  his  virtues. 

(Signed)  John  E.   Sweet, 

Robert  W.  Hunt, 
John  Fritz. 

The  Secretary  also  reported  that  during  the  meeting  he  had 
been  advised  of  the  death  of  Sir  Frederick  Joseph  Bramwell, 
D.C.L.,  L.LD.,  F.R.S.,  Honorary  Member  of  this  Society  and 
past  President  of  the  Institution  of  Civil  Engineers  of  Great 
Britain. 

Sir  Frederick  was  apprenticed  to  a  mechanical  engineer  in 
1>S34,  and  rose  to  the  position  of  Chief  Draftsman  and  later  to 
that  of  Manager.  He  entered  the  practice  of  engineering  on  his 
own  account  in  1853;  became  an  associate  of  the  Institution  of 
Civil  Engineers  in  1850,  a  full  member  in  1862,  and  President 
in   \^^4. 

He  hiMl  also  been  president  of  the  Institution  of  Mechanical 
Engineers  in  1874  and  1875,  and  of  the  British  Association  for 
the  Advancement  of  Science  in  1888.  He  will  be  remembered 
by  tliose  of  the  Society  who  were  the  guests  of  the  Institution  of 
Civil  Engineers  in  1809  as  one  of  its  most  genial  and  noticeable 
reprc-ientatives  in  the  entertainment  of  the  visiting  American 
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engineers.  He  was  as  a  practitioner  especially  emphatic  as 
to  the  dignity  and  responsibility  of  the  engineer,  particularly 
as  owing  it  to  the  public  that  no  unworthy  schemes  reached  ma- 
turity through  lack  of  exposure  of  their  quality  by  competent 
engineers. 

The  Secretary  was  on  motion  directed  to  transmit  a  suitable 
minute  and  tribute  to  the  Institution  of  Civil  Engineers  of  Great 
Britain. 

]Messrs.  Kockwood,  Miller,  Hunt,  Suplee,  Goss,  Halsey  and 
Engel  took  part  in  a  somewhat  informal  discussion  as  to  having 
the  out-of-town  membership  of  the  Society  represented  as  bear- 
ing a  share  in  the  expenses  of  the  annual  meeting,  recurring  each 
year  in  the  City  of  Kew  York,  and  the  matter  was  referred,  on 
motion,  to  the  consideration  of  the  Standing  Committee  on  Meet- 
ings created  under  the  new  Constitution. 

There  being  no  further  new  or  general  business  to  be  presented, 
the  President  asked  Mr.  Ambrose  Swasey,  President-elect,  to 
come  to  the  platform  that  he  might  turn  over  the  responsibilities 
of  his  office  to  his  successor.  Mr.  Dodge  thanked  the  Society 
for  the  courteous  way  in  which  he  had  been  treated  during  his 
incumbency,  and  on  motion  the  meeting  adjourned. 

On  the  afternoon  of  Friday  a  large  number  of  members  ac- 
cepted an  invitation  from  the  De  Laval  Steam  Turbine  Company 
of  Trenton,  IS".  J.,  to  be  their  guests  by  special  train  to  the  works 
of  the  Company. 

Luncheon  was  served  on  the  train  and  the  excursion  was  much 
enjoyed. 
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CARNEGIE   GIFT  TO   ENGINEERING. 

SECOND   CIRCULAR. 

At  the  annual  meeting  of  the  Society  held  in  ]^ew  York  City, 
December  1st — -ith,  a  report  was  called  for  from  the  representa- 
tive of  the  Society  on  the  Joint  Committee  intrusted  with  the 
details  of  ^Ir.  Andrew  Carnegie's  proposed  gift  of  a  building 
for  the  needs  of  the  engineering  societies. 

Mr.  Charles  Wallace  Hunt,  as  such  representative,  presented 
a  verbal  report,  from  Avhich  the  following  information  is  derived. 

It  will  be  recalled  that  in  advance  of  the  Saratoga  Meeting  an 
announcement  was  made  to  the  Society,  which  will  be  found  at 
j)age  870,  Volume  XXIY,  of  the  Transactions.  It  mentioned 
the  purpose  of  ]\rr.  Carnegie's  donation  of  one  million  dollars, 
which  should  bring  the  libraries,  assembly-halls,  offices  and 
meeting  rooms  of  the  societies  of  engineers  into  one  great  build- 
ing, which,  while  ample  in  size  for  their  individual  needs,  should 
arrange  for  tlieir  convenience  as  respects  business  and  profes- 
sional uses.  It  was  proposed,  in  addition,  that  the  building 
should  give  adequate  accommodation  for  such  other  technical, 
scientific  and  engineering  bodies  as  might  require  the  use  of  a 
])roperly  equipjied  auditorium. 

During  the  intervals  between  that  report  and  the  present 
meeting,  the  Joint  Committee  of  fifteen  has  been  in  conference 
on  the  details  referred  to  it,  and  has  appointed  an  Executive 
Committee  of  live  to  facilitate  the  work  of  the  general  com- 
mittee. 

A  sub-committee  of  the  Executive  Committee  has  been  en- 
gaged in  the  ))re])aration  of  the  material  which  might  be  neces- 
sary to  suljmit  the  needs  of  these  societies  to  a  competition  of 
architects,  as  to  the  structural  details  of  the  building.  A  Com- 
niitt^ic  on  Organization  has  been  appointed,  consisting  of  Messrs. 
A.  R.  Ledoux,  f^has.  Wallace  Hunt  and  S.  S.  Wheeler,  and  their 


Appendix  to  Proceeding.-*. 


i 


CARNEGIE   GIFT  TO   ENGINEERING.  35 

recommendations  to  the  Joint  Committee  have  been  adopted  and 
the  Organization  Committee  instructed  to  take  the  necessary  pre- 
liminary steps  to  secure  the  legislative  action  for  which  their 
report  called. 

The  full  report  of  the  Committee  on  Organization  is  as  follows: 
The  undersigned  were  appointed  a  special  Committee  at  a 
meeting  of  the  Executive  Committee  of  the  Union  Engineers' 
Building  Association,  on  July  9,  1903,  and  were  instructed  '  to 
propose  a  plan  of  organization  for  the  bodies  exclusive  of  the 
Engineers'  Ckib,  which  are  to  participate  in  the  gift.'  In  trans- 
mitting instructions  to  this  Committee,  the  Chairman  of  the  Ex- 
ecutive Committee  summarized  our  duties,  as  he  understood  them, 
as  follows: 

1.  To  suoforest  an  oro^anization  to  hold  title  to  the  land  and 
building. 

2.  A  method  of  superintending  and  administering  the  build- 
ing after  completion. 

3.  Provision  for  granting  the  use  of  parts  of  the  building  to 
other  organizations  whose  objects  and  work  may  be  of  suitable 
character  and  which  may  contribute  to  the  maintenance  of  the 
l)uilding. 

•i.  Provision  for  contingencies,  such  as  the  withdrawal  of  one 
of  the  societies,  or  the  failure  on  the  part  of  any  one  properly  to 
carry  out  its  obligations. 

The  Committee  was  authorized  to  consult  legal  counsel.  It  has 
held  several  meetings  and  has  informally  consulted  members  of 
the  American  Society  of  Civil  Engineers,  and  others  interested. 

After  having  informally  and  tentatively  approved  suggestions 
formulated  by  one  of  its  members,  Mr.  Hunt,  the  same  were  sub- 
mitted to  the  law  firm  of  Butler,  Potman,  Joline  &  Mynderse, 
from  whom  a  written  opinion  was  obtained. 

Havinf]^  considered  this  leo-al  advice  and  taken  note  of  all  suo:- 
gestions  received,  the  Committee  unanimously  advise  as  follows: 

1.  The  total  amount  offered  by  Mr.  Carnegie  shall  be  admin- 
istered as  two  gifts;  one  to  the  Engineering  Societies  and  the 
other  to  the  Engineers'  Club,  each  to  be  held  and  administered 
independent  of  the  other.  The  allocation  of  the  fund  to  be  made 
at  once,  but  the  buildings  to  be  designed  and  erected  as  one  oper- 
ation; thereafter  the  respectiv^e  titles  and  administrations  to  be 
entirely  independent. 

2.  The  property  represented  by  land,  buildings  and  equipment 
of  the  eno'ineerino^  societies,  shall  be  held  and  administered  by  an 
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executive  corporate  body,  preferably  under  a  special  charter,  to 
be  obtained  from  the  State  of  New  York,  each  of  the  constituent 
societies  being  entitled  to  name  from  its  membership  three  per- 
sons to  act  as  incorporators  and  thereafter  as  directors. 

3.  Each  society  annually  to  elect  or  appoint,  as  their  By-Laws 
mav  ])rescrihe,  one  of  their  voting  members  to  serve  on  the  Board 
of  l)irectors  of  the  Executive  Corporation  for  a  term  of  three 
years;  a  vacancy  in  said  Board  to  be  filled  by  an  appointment 
inade  by  the  society,  the  retirement  of  whose  representative  causes 
the  vacancy. 

4.  The  land  and  property  being  held  for  the  societies  by  an 
executive  corporation,  the  said  cor[)oration  may,  to  pay  for  the 
land  acquired,  issue  certificates  of  indebtedness  or  bonds  bearing 
interest  at  four  per  cent.,  and  redeemable  on  six  months'  notice, 
the  buildings  being  a  gift  from  Mr.  Carnegie. 

5.  Each  of  the  constituent  societies  may  purchase  and  hold  an 
equal  amount  in  value  of  the  said  bonds  or  certificates,  but  the 
Board  of  Directors  of  the  executive  corporation  may  authorize 
any  of  the  constituent  societies  to  hold  an  additional  amount; 
that  is  in  excess  of  its  portion,  but  such  excess  shall  be  subject  to 
recall  at  its  par  value  at  any  time  that  the  directors  of  the  Execu- 
tive Corporation  may  so  order,  to  the  end  that  each  society  shall 
have  an  equal  interest  in  the  property  of  the  corporation  if  it  so 
desires. 

The  certificates  held  by  each  society  shall  be  inalienable  unless 
they  are  offered  to  the  Executive  Corporation  at  their  par  value, 
and  such  tender  shall  not  be  accepted  by  the  Board  of  Directors 
within  one  year  thereafter. 

(>.  The  property  of  the  Executive  Corporation  shall  be  used 
perpetually  as  a  meeting-place  and  headquarters  for  the  constitu- 
ent societies,  and  for  such  other  scientific  associations  as  may  be 
temporarily  admitted  by  the  consent  of  the  Board  of  Directors 
of  the  Executive  Corporation.  Such  associations  may  pay  a  pro 
rata  share  in  the  expenses  of  the  headquarters,  but  no  profit  shall 
be  mtule  from  such  use. 

7.  Each  of  the  participating  societies  shall  be  entitled  to  rooms 
and  space  in  the  property  adequate  to  its  need,  paying  its  share 
of  tlie  running  expenses  in  accordance  with  the  amount  of  space 
cxjcupied;  said  space  to  be  assigned  and  a  proper  assessment 
therefor  determined  by  the  Board  of  Directors  of  the  Executive 
Corporation. 

8.  The  excess  of  receipts  over  expenditures,  if  any,  shall  be 
used  for  reducing  the  subsequent  contribution  of  the  several 
societies  for  maintaining  the  building,  and  for  the  advancing  of 
engine<;ring  arts  and  science,  by  and  through  the  participating 
constituent  associations.  No  dividends  shall  be  declared  or  prof- 
its divided,  but  a  reasonable  repair  and  rebuilding  fund  may  be 
established. 

9.  If  the  income  of  the  Executive  Corporation  shall  be  less  than 
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the  expenditure,  the  deficiency  shall  be  made  good  by  an  assess- 
ment on  each  of  the  constituent  societies,  so  allocated  as  to  be  in 
proportion  to  the  number  of  v^oting  members  of  each  society. 

An  excess  of  receipts  over  expenditures  may  be  allocated  to 
the  societies  in  like  manner  to  reduce  their  annual  assessment. 

10.  Should  any  of  the  constituent  societies  fail  or  refuse  to 
appoint  directors,  the  remaining  members  of  the  Board  of  the 
Executive  Corporation  shall  administer  the  property  with  all 
the  force  and  effect  as  though  the  Board  contained  its  full  quota 
of  members. 

11.  Finally,  your  committee,  in  offering  the  above  suggestions, 
has  had  in  mind  the  setting  aside  of  the  money  used  for  a  build- 
ing for  the  Engineers'  Club,  so  that  on  the  completion  of  the  said 
buildino^,  the  relations  of  the  Club  and  of  the  eno^ineerino^  societies 
will  terminate.  Thenceforward,  the  constituent  societies  are  to 
carry  through  the  Executive  Corporation  the  administration  of 
the  building  and  its  accessories,  leaving  the  scientific,  profes- 
sional, intellectual  and  financial  activity  in  each  organization 
entirely  independent  of  the  others,  and  free  to  develop  to  any 
extent  and  along  any  line  that  may  be  determined  each  for 
itself. 

The  details  of  the  superintendence  and  administration  of  the 
buildintifs  can  best  be  considered  after  the  oro^anization  of  the 
proposed  Executive  Corporation  through  the  procuring  of  a 
special  charter. 

(Signed)  Albert  R.  Ledoux,  ) 

Chas.  Wallace  Hunt,     i  ^^_f '"^^f"  on 
c  o    ITT  \      OrqamzaUon. 

bCHUYLER  b.    W  HEELER,     j  ^ 

It  may  be  mentioned  that  when  the  sub-committee  on  building 
plans  took  up  the  consideration  of  the  necessary  areas  it  devel- 
oped at  once  that  the  cost  of  the  building  which  Avould  be  required 
for  the  accommodation  of  the  Engineering  societies,  on  125  feet 
front  on  Thirty-ninth  Street,  and  the  Engineers'  Club  on  a  fifty 
foot  front  on  Fortieth  Street,  would  exceed  the  preliminary  or 
tentative  figure  mentioned  by  Mr.  Carnegie  in  his  official  letter 
of  gift. 

When  this  conclusion  was  reached,  a  special  committee  was  ap- 
pointed to  visit  Mr.  Carnegie  and  talk  the  matter  over  with  him. 
He  made  it  evident  that  it  was  his  desire  and  intention  to  erect 
a  building  which  should  be  a  monument  to  the  Engineering  pro- 
fession, and  that  it  was  his  purpose  to  make  this  building  adequate 
and  the  question  of  cost  was  in  his  mind  secondary  to  the  attain- 
ing of  the  object  dear  to  his  heart,  which  was  the  bringing  to- 
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o-ether  of  all  classes  of  engineers  into  a  building  in  which  they 
could  co-operate  for  the  common  purpose  of  the  profes- 
sion. 

It  mav  bo  desirable  to  repeat  some  of  the  statements  of  the  pre- 
vious announcement,  that  the  location  of  the  proposed  building, 
as  given  in  the  sketch  plan  herewith,  is  one  of  the  most  desirable 
ones  in  the  citv  of  New  York. 
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The  New  York  Public  Library  building  occupies  the  entire 
eastern  frontao^e  of  the  block  between  40th  and  42nd  Streets  on 
Fifth  Avenue,  while  to  the  westward  is  the  open  square  known 
as  Byrant  Park. 

It  will  be  conveniently  accessible  from  the  terminals  of  the 
Xew  York,  New  Haven  and  -Hartford  Railroad,  and  the  New 
York  Central  and  Hudson  Eiver  Railroad  at  42nd  Street,  at  Park 
and  Madison  Avenues,  and  from  the  Pennsylvania  terminals  com- 
ing in  from  the  West,  at  33rd  Street  and  Seventh  Avenue.  The 
Elevated  railway  at  Sixth  Avenue  has  a  station  at  42nd  Street, 
and  tlie  Tliird  Avenue  Elevated,  42nd  Street  and  Park  Avenue. 
The  junction  of  the  Rapid  Transit  underground  lines  at  43rd 
Street  and  ]>roadway  will  make  this  station  an  important  ex- 
press point  for  trains  both  from  down  town  and  from  the  North. 

C^onvenicnt  surface  lines,  both  up  and  down  town,  intersect  at 
42nd  Street.  The  hotel  and  theatre  district  of  the  city  are  cen- 
tering more  and  mr)re  around  this  particular  region. 

The  Committee  will  l>e  very  glad  to  receive  from  members  of 
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the  Society  suggestions  A\'hich  may  be  helpful  in  the  matter  of 
interior  arrangement  or  detailed  requirement  of  the  proposed 
building,  to  the  end  that  it  may  be  in  every  respect  thoroughly 
adapted  for  the  needs  of  the  societies  which  are  to  occupy  it. 

The  committee  would  report  that^for  the  three  societies  which 
have  so  far  signified  their  purpose  to  make  use  of  the  proposed 
building,  the  requirement  of  floor  space  in  square  feet,  outside  of 
the  general  rooms  for  auditoriums  and  library  needs,  is  as  follows: 

Purpose.  Electrical.  Mechanical.  Mining. 

Reception  room 600  800  620 

Editorial  room 400  300  360 

Secretary  or  Assistant 400  300  360 

Counting  room   600  600  320 

Accountant — Stenogra-pbers 400  900  700 

Board  and  Committee 1,000  600  760 

Stationery  and  Transactions 1,200  1,200  1,000 

Closets 400  400  400 

Sundries 200  400  600 

5,200  5,500  5,120 

The  Society  of  Civil  Engineers  has  issued  a  circular  to  its  mem- 
bers reporting  the  condition  of  affairs  at  the  present  time  and 
their  probable  need  for  9,000  square  feet  of  floor  space,  but  defi- 
nite action  cannot  be  taken  by  that  societ}^  until  a  letter-ballot  is 
had  and  until  after  the  annual  meeting  of  the  society  in  January. 

In  the  letter-ballot  taken  on  the  question  of  the  necessary 
changes  in  their  By-Laws  by  the  American  Institute  of  Mining 
Engineers,  the  vote  showed  over  1,G00  in  favor  of  the  change, 
and  only  eleven  in  opposition  to  it,  which  is  regarded  as  showing 
an  overwhelmino^  sentiment  in  favor  of  the  Eno-ineerinfj-Buildino-. 

It  may  be  further  of  advantage  to  report  that  the  action  in  the 
Joint  Committee  on  all  questions  which  have  been  submitted  to 
it  has  been  unanimous,  and  that  throughout,  in  all  decisions,  the 
Joint  Committee  has  had  the  benefit  of  the  counsel,  advice  and 
co-operation  of  the  representatives  appointed  by  the  American 
Society  of  Civil  Engineers,  who  have  sat  with  the  Committee  in 
all  its  deliberations. 

Respectfully  submitted, 

James  M.  Dodge, 

C  W.  Hunt  }  Committee. 

F.   R.   HUTTON, 
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THE  MOXEY    VALUE   OF    TECHNICAL    TRAINING, 

BY   .lAMKS    M.    DODGE,    PHILADELPHIA,   PA. 

PRESIDENT'S    ADDRESS,    1903. 

1.  Technical  Training  may  be  self -acquired  or  obtained  through 
instruction.  The  ability  to  drive  a  nail  properly,  or  to  design  and 
construct  the  most  complex  and  wonderful  of  structures  or  de- 
vices, is  the  result  of  Technical  Training  in  but  different  degree. 
Up  to  a  very  recent  date,  and  within  the  memory  of  most  of  us, 
the  Apprentice  System  and  that  of  Independent  Delving  repre- 
sented the  sole  methods  of  acquiring  training.  Research  and  in- 
vestigation carried  on  in  individual  lines,  with  varying  degrees 
of  success,  dependent  upon  the  mental  makeup  of  the  individual, 
were  the  means  of  attaining  theoretical  technical  knowledge. 
The  blending  of  these  two  methods  developed  the  earlier 
Mechanical  Engineers  and  will,  even  in  the  future,  enable  those 
sufficiently  gifted  by  nature  and  habit  to  attain  eminence.  The 
jirogress  of  the  world,  however,  calls  for  a  better  and  more  speedy 
means  of  producing  trained  men  than  could  ever  be  developed 
by  the  methods  of  self-instruction.  The  individual,  striving  for 
manual  skill,  attains  his  desire  under  the  old  apprentice  system. 
Individuals  sufficiently  gifted  arise  above  their  fellows,  and  be- 
come the  leaders  in  their  calling.  The  gratification  of  a  mechan- 
ical appetite  and  the  desire  to  earn  more  money  than  his  fellows 
are  two  moving  causes  which  impel  a  man  towards  technical 
education.  A  generation  or  so  ago,  the  universal  belief  was  that 
the  sooner  a  young  man  entered  upon  his  apprenticeship,  or 
began  practical  manual  work,  the  better  and  more  rapid  Avould  be 
his  progress  in  the  Mechanic  Arts,  and  Book  Learning  was  de- 
rided as  being  purely   theoretical,   and   of  little  practical*  value. 


*  Prf'spntf*]  Ht  tlif!  New  York  nifftiii^r  (Deccmbor,  l'l03)  of  the  American  So- 
ciety of  Mechanical  Engineer,  and  forming  part  of  Volume  XXV.  of  the  Trans- 
arlions. 


4 


THE   MONEY   VALUE   OF    TECHNICAL   TRAINING.  41 

This  belief  is,  even  at  this  date,  all  too  prevalent,  largely  due  to 
inherited  error,  and  to  lack  of  knowledge  and  reliable  data. 

2.  Obtaining  data  from  which  incontrovertible  conclusions  can 
be  drawn  is  now  comparatively  easy,  but  a  few  years  ago  was 
practically  impossible.  We  are  all  prone  to  take  extreme  cases 
of  success  or  failure  as  the  basis  of  our  opinions,  and  lose  sight 
of  the  fact  that  it  is  the  average  man  whose  career  shows  the 
true  force  and  direction  of  the  current.  For  convenience  of 
comparison,  I  will  outline  the  actual  progress  made  by  four 
groups  of  men  working  in  the  Mechanic  Arts, — ^the  unskilled 
labor  group,  the  shop-trained  or  apprentice  group,  the  trade 
school  group,  the  technical  school  group,  and  give  the  results 
attained.     Each  group  I  will  refer  to  as  an  individual: 

3.  The  first  is  the  Laborer,  with  but  primitive  and  rudimentary 
training,  working  under  the  immediate  and  constant  supervision 
of  a  boss,  and  earning,  as  the  line  on  the  chart  indicates,  $10.20 
per  week  at  the  age  of  22,  his  line  remaining  horizontal  through 
the  period  of  his  usefulness.  Data  are  lacking  as  to  his  progress 
before  he  reaches  the  age  of  22. 

4.  The  second  is  the  Apprentice  or  Representative  of  the  Shop- 
trained  group,  of  good  health  and  habits,  entering  a  machine 
shop  at  the  age  of  16,  and  earning  an  average  wage  of  $3  per 
week  for  fifty  weeks  per  year.  This  is  about  the  number  actu- 
ally worked,  making  $150,  or  5  per  cent,  on  $3,000,  which  is  his 
Potential  or  Invested  Value,  upon  which  he  draws  his  interest  on 
pay  days. 

5.  On  the  chart  accompanying  this  paper  (Fig.  2)  you  will  find, 
ruled  horizontally,  lines  representing  amounts  increasing  from  the 
lower  line  upward  by  $1,000  each ;  starting  at  $1,000,  and 
terminating  at  the  tcfp  at  $50,000,  these  representing  Poten- 
tial Values,  upon  which  5  per  cent,  is  earned  for  fifty  weeks  a 
year.  The  vertical  lines  each  represent  one  year  in  time,  begin- 
ning at  the  lower  left  hand  corner  at  16,  and  progressing  in 
regular  order  until,  at  the  lower  right  hand  corner,  we  have  32, 
representing  in  all  a  lapse  of  16  years. 

6.  To  illustrate  the  progress  of  the  four  groups  graphically,  we 
indicate  on  the  line  representing  16  years  of  age,  and  opposite 
the  figure  $3,000,  the  young  man  just  entering  his  apprentice- 
ship. We  ^Wll  consider  him  typical  of  the  Shop-trained  Group. 
Following  the  line  to  the  right  we  see  his  average  progress  in 
earning  capacity  through  the  ensuing  years,  noting  that  at  the 
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ii.ge  of  20  he  is  earning  $9  per  week,  which  is  5  per  cent,  on 
e$9,000,  he  ha^dng  increased  his  Potential  or  Invested  Value  in 
four  years  by  $6,000. 

7.  We  now  note  that  his  accumulated  experience  enables  him 
to  make  more  rapid  progress  for  the  next  year  and  a  half,  and 
from  the  age  of  20  to  21|^  years  we  find  that  his  pay  has  in- 
creased to  $13.20  per  week,  and  his  Potential  Value  to  $13,200. 
He  is  now  approaching  his  goal,  and  his  line  of  progress  does  not 
continue  at  the  same  angle  that  it  followed  for  the  past  few  years, 
but  deflects  toward  the  horizontal ;  and  at  the  age  of  24  we  find 
him  earning  $15.80  per  week,  and  his  Potential  Value  $15,800. 
In  other  words,  in  eight  years  he  has  increased  his  Potential 
Value  $12,800.  Observation  shows  that  5  per  cent,  of  the 
apprentices  acquiring  the  machinist  trade  rise  above  the  line 
made  by  our  average  man;  35  per  cent,  follow  the  line  closely, 
and  that  during  the  period  of  training  20  per  cent,  leave  of  their 
o^\Ti  accord,  and  as  near  as  can  be  ascertained,  go  to  other  shops 
and  continue  in  the  line  originally  selected;  40  per  cent.,  how- 
ever, are  found  unworthy  or  incompetent,  and  are  dismissed, 
probably  never  rising  to  the  $15.80  line. 

8.  Apprenticeship  of  to-day  in  many  establishments  does  not 
make  the  man,  broadly  speaking,  a  mechanic — in  a  majority  of 
cases  he  is  a  specialist  or  tool  hand,  and  not  comparable  with  the 
old  mechanic,  who  was  a  worker  in  metals,  had  some  practical 
knowledge  of  steam  and  prime  movers,  could  chip,  file,  work  on 
lathe,  planer,  drill  press,  or  as  an  assembler,  and  was  competent 
to  meet  the  varied  and  unusual  conditions  found  in  general  con- 
struction and  repair  work. 

9.  The  third  group  of  young  men  are  those  fortunate  enough  to 
have  had  the  opportunity  of  entering  a  trade  school,  which  they 
do  at  16  years  of  age,  devoting  the  next  three  years  of  their 
lives,  or  until  they  are  19  years  of  age,  acquiring  a  trade  under 
competent  instruction,  and  at  the  same  time  adding  to  their  store 
of  rudimentary  theoretical  education.  At  the  age  of  19  a  Trades' 
School  man  enters  the  machine  shop  and  can  command  $12  per 
week,  equal  to  the  apprentice  at  21  years  of  age,  and  very  quickly 
makes  his  employment  profitable  to  his  employer.  The  three 
years  in  school  have  increased  his  Potential  Value  from  $3,000 
to  $12,000,  a  gain  of  $9,000.  Thus  he  has  caught  up  with  the 
apprentice  entering  the  shop  at  16,  and  who  has  been  working 
for  five  years.     Progress  of  the  Trades'  School  group  now  follows 
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a  line  wliicli  divoro:es  from  that  of  the  regular  apprentice,  and 
bv  the  time  $15.80  is  earned  by  the  regular  apprentice,  the 
I'rades'  School  graduate  is  earning  $20,  with  a  Potential  Value 
of  $iH),000,  or  $4r,:200  greater  than  that  of  the  Shop-Trained  man. 
'i'he  Trades'  School  line  continues  at  substantially  the  same  angle 
up  to  an  earning  capacity  of  $22  per  week,  and  a  Potential  Value 
of  $22,000.  Data  are  lacking  as  to  the  further  progress,  but  the 
presumption  is  that  this  line  will  bear  off  more  toward  the  hori- 
zontal, eventually  paralleling  the  line  of  the  Shop-trained  man, 
but  much  higher  on  the  chart. 

10.  The  fourth  gTOup  we  will  represent  again  by  a  boy  of  16 
studying  at  school  until  his  18th  year,  and  preparing  himself  for 
admission  to  one  of  our  higher  Institutions  of  Technical  learning, 
such  as  the  Stevens  Institute,  the  Massachusetts  Institute  of 
Technology,  Columbia,  Cornell  and  the  like,  where,  after  a  four 
years'  course,  or  at  the  age  of  22,  he  is  ready  to  begin  practical 
work.  The  statistics  upon  which  this  chart  is  based  show  the 
average  starting  wage  at  $13  per  week,  or  the  same  amount 
earned  by  the  regular  apprentice  at  the  age  of  21^,  and  by  the 
'I'rades'  School  graduate  at  the  age  of  19J.  In  other  words, 
apparently  a  graduate  of  our  technical  schools  has  lost  by  his 
six  years  of  preparatory  study,  having  been  beaten  by  the  regular 
apprentice  by  six  months  and  by  the  Trades'  School  graduate  by 
2 J  years.  Prom  this  time,  however,  there  develops  a  most  inter- 
esting and  instructive  line  of  progress.  The  regular  apprentice, 
who  is  earning  $13.50  a  week  at  the  time  the  technical  graduate 
is  earning  $13,  is  overtaken  in  six  months,  and  we  find  both 
earning  $14  per  week,  and  the  technical  graduate  reaches  the 
$15.80  line  nearly  one  year  before  the  regular  apprentice.  In 
other  words,  while  it  has  taken  the  regular  apprentice  from  his 
21st  to  his  24th  year,  or  three  years,  to  increase  his  Avages  from 
$11.50  to  $15.80  a  week,  the  technical  graduate  has  done  the 
same  in  fifteen  months. 

1 1.  Pnjgrcss  now  continues  on  substantially  the  same  line,  and 
we  find  the  technical  graduate  earning  $22  per  week,  and  crossing 
the  line  of  the  Trades'  School  group  in  three  years'  time,  a 
worthy  tribute  to  the  higher  education  and  attainment. 

12.  The  line  of  the  technical  graduate  now  continues  divergent 
from  that  of  the  trades'  school  graduate,  with  earning  capacity 
regularly  increasing,  and  a  corresponding  augmentation  of  Po- 
tential or  Invested  Value  until,  at  the  age  of  32,  or  ten  years 
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after  entering  upon  the  practical  work,  we  find  our  technical 
graduate  earning  $43  per  week,  and  his  Potential  Value  at 
$43,000.  In  other  words,  six  years  of  preparation  have  enabled 
him  to  distance  the  Shop-trained  man  and  the  Trades'  School 
graduate  overwhelmingly.  Bearing  in  mind  that  this  is  an  aver- 
age line,  it  is  of  interest  to  say  that  most  technical  graduates 
with  a  better  record  than  the  one  in  the  chart  have  devoted  even 
more  time  to  their  preparation,  either  by  study  or  by  shop  work, 
after  graduation.  Those,  on  the  other  hand,  who  have  not  come 
up  to  this  average  line  represent,  in  the  main,  men  more  or  less 
incapable  of  original  work.  The  reason  that  higher  education, 
other  things  being  equal,  -carries  with  it  the  ability  to  earn  high 
wages  is  that  consciously  or  unconsciously,  these  men  are  direct- 
ing and  making  it  possible  for  large  numbers  of  Laborers,  Shop- 
trained  men  and  Trades'  School  graduates  to  perform  useful 
work.  A  draftsman  at  his  board  may  never  realize  that  as  a 
result  of  his  drawing  a  hundred  men  or  more  may  be  given  em- 
plo}TQent.  His  design  calling  for  structural  steel,  for  instance, 
could  not  be  built  were  it  not  for  the  labor  of  many  men  em- 
ployed making  and  rolling  the  steel  before  it  reaches  the  shop. 
Then  come  the  shop  men,  who  cut,  punch  and  shear,  and  then 
the  erectors,  who  assemble  the  structure  in  accordance  with. the 
original  plan.  For  this  abiKty  and  knowledge  our  technical  man 
is  paid. 

13.  It  is  quite  obvious  that  all  workers  in  the  Mechanic  Arts 
cannot  be  technical  graduates.  Some  must,  through  natural  limita- 
tions, or  lack  of  opportunity,  follow  the  apprentice  line,  and 
others  the  Trade  School. 

14.  It  is  from  graduates  of  the  latter  that  leading  shop  men  and 
foremen  are  largely  selected.  These  two  classes,  supplemented 
by  the  technical  graduate,  constitute  the  vast  army  of  workers 
in  the  Mechanic  Arts. 

15.  Thus  we  see  clearly  that  preparation  pays,  and  that  it  pays 
in  dollars  and  cents,  and  that  even  a  long  term  of  years  spent  in 
proper  study  and  technical  training  is  a  good  investment  from 
every  point  of  view. 

16.  Of  course,  apprentices  have  made  and  will  make,  in  rare  in- 
stances, a  better  showing  than  the  average  technical  man  of  the 
chart,  and  many  of  our  greatest  men  have,  by  sheer  force  of 
character,  excellence  of  brain  fibre,  persistence  and  self-educa- 
tion, risen  to  preeminent  positions,  independent  of  all  regular 
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systems.  To  the  end  of  time  great  examples  of  this  kind  will  be 
found.  Among  those  whose  names  readily  come  to  mind  are 
the  elder  Krupp,  Joseph  Whitworth,  George  M.  Pullman, 
Andrew  Carneg-ie,  John  Fritz,  Prof.  John  E.  Sweet,  Edwin 
Reynolds,  George  II.  Babcock  and  Coleman  Sellers. 

17.  The  same  is  true  of  the  Trades'  School  graduate,  but  as  said 
before,  we  are  dealing  witli  the  average  of  each  class,  taken  from 
actual  statistics,  with  an  earnest  desire  to  ascertain  the  facts,  and 
without  any  preconceived  notion  of  the  outcome. 

18.  It  may  be  stated  as  a  truism  that  every  man  pays  for  the 
amount  or  percentage  of  bossing  he  requires,  and  conversely, 
every  man's  wages  increase  in  proportion  to  his  ability  to  act  as 
the  boss  or  foreman  of  himself  and  others.  The  lower  the  wage 
rate  the  greater  the  amount  of  watching  and  directing  constantly 
required.  The  slaves  of  ancient  Egypt  received  no  wages,  but 
v.'ere  treated  as  horses  are  to-day.  They  were  fed  and  sheltered 
according  to  the  ideas  of  their  o^vners.  ^NTo  slave  worked  volun- 
tarily, and  the  foreman's  or  leader's  excellence  was  gauged  entirely 
by  his  physical  strength  and  efficiency  as  a  driver.  This  w^as 
certainly  the  zero  of  labor  conditions. 

19.  The  highest  wages  are  paid  to  the  man  through  whose  abil- 
ity the  largest  number  of  other  men  may  be  most  profitably  em- 
ployed. He  does  his  work  with  his  brain.  Thus,  on  the  one 
hand,  we  see  manual  labor  receiving  no  wages,  and  on  the  other 
mental  labor  reaping  the  highest  reward.  Between  these  two 
extremes  is  found  every  condition  of  human  life. 

20.  A  practical  man  performs  his  work  within  the  radius  of  his 
arm,  a  technical  man  within  the  radius  of  his  brain.  This  fact  is, 
even  to-day,  realized  by  the  few,  but  it  is  gratifying  to  know  that 
the  number  is  increasing. 

21.  The  technical  training  of  an  individual  makes  him  valuable 
just  in  proportion  as  his  ability  is  manifested  by  good  judgment 
and  perception.  Trained  common  sense  receives  the  highest 
compensation  and  reaps  the  greatest  reward. 

22.  ^leiital  ability  to  receive  ideas  and  impart  them  properly  and 
wisely,  rearranged  and  grouped,  is  typical  of  the  most  brilliant 
mentality ;  a  dull  intellect  may  be  compared  to  blotting  paper,  fit 
only  to  absorb  and  inter  a  heterogeneous  mass  of  impressions. 

23.  The  most  interesting  of  all  graphical  charts  would  be  that 
properly-  exploiting  the  value  of  technical  training  to  manufac- 
turing plants  and  enterprises.     To  illustrate  this  more  clearly, 
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we  may  fairly  assume  that  the  apprentice  of  our  chart  corre- 
sponds to  the  old-fashioned  primitive  shop,  having  practically  no 
overhead  expense,  the  proprietor  carrying  the  business  "  in  his 
hat/'  priding  himself  on  his  non-receptive  sturdiness,  contempt 
for  improvements  and  personal  attention  to  all  details.  For  his 
costs  he  adds  together  the  value  of  raw  materials  and  labor,  and 
then  adds  a  few  dollars  for  profit.  The  line  of  this  establishment 
Vv-ould  parallel  the  $15.80  line  of  our  Shop-trained  group. 

24.  The  Trades'  School  line  on  the  chart  truthfully  represents 
establishments  in  which  some  attention  has  been  paid  to  the  im- 
provement of  system,  with  an  increased  so-called  non-productive 
force,  operating  possibly  in  some  particulars  with  brilliancy,  but 
with  defective  features  in  others ;  acknowledging  the  value  of 
improvement  if  internally  originated;  moderately  but  uncon- 
sciously absorbent  of  ideas  from  without,  but  tenacious  of  dogma 
and  lacking  departmental  symmetry.  Growtli,  increased  earn- 
ings and  relative  immunity  from  disastrous  failure  result. 

25.  The  technical  graduate  line  of  our  chart  represents  the  man- 
ufacturing establishment  technically  trained  and  "  abreast  of  the 
times  ''  in  all  particulars,  and  I  predict  a  time  not  very  far  dis- 
tant when  it  will  be  almost  universally  recognized  that  establish- 
ments should  be  trained  as  well  as  individuals,  and  that  the  mar- 
vellous development  in  scientific  shop  practice  and  management 
will  do  for  the  manufacturer  fully  as  much  as  technical  training- 
is   doing  for   the   individual. 

26.  A  change  of  mental  attitude  towards  the  subject  of  ad- 
vanced Shop  Practice  and  Management  is  noticeable  to  a  marked 
degree.  Within  a  very  few  years,  indifference  and  antagonism 
have  changed  to  a  growing  interest  and  appreciation. 

27.  The  greatest  musical  composition  contains  no  new  notes ; 
each  note  of  the  scale  can  be  sounded  on  a  penny  w^histle.  Our 
greatest  composers  have  only  arranged  the  notes  in  harmonious  se- 
quence. The  artists  that  can  render  their  music  truly,  well 
deserve  unstinted  praise,  even  though  they  lay  no  claim  to  the 
composition  of  the  masterpiece.  Truly  a  listener  at  the  grand 
opera  could  say,  "  There  is  nothing  novel  in  this ;  I  have  heard 
every  one  of  these  notes  before.  I  have  even  made  similar 
sounds  myself,  and  the  result  was  far  from  satisfactory."  So 
with  Shop  Management :  it  must  be  as  fundamentally  harmonious 
as  a  musical  composition,  and  need  not  of  necessity  embody  within 
it  any  one  element  of  extreme  originality.     Of  it  the  individual 
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may  truly  say,  ^'  Nothing  novel  has  been  presented;  I  tried  this 
feature  or  that  feature  with  no  beneficial  result/'  but  if  he  can 
play  the  music  of  the  Art  of  INEanagement  thoroughly  well  he 
need  not  grieve  because  he  is  not  its  composer. 

28.  Henry  K.  Towne,  F.  A.  Halsey,  11.  L.  Gantt  and  Charles 
Day  have  all  ably  contributed  through  our  Proceedings  to  the  liter- 
ature of  this  most  important  subject.  Fred.  W.  Taylor,  in  his 
paper  of  the  current  year,  while  claiming  no  originality  of  detail, 
lias  presented  to  the  world  the  most  complete  and  thoroughly 
scientific  system  of  shop  management  ever  promulgated.  As  an 
investigator  and  student  he  is  sowing  seeds  in  the  field  of  the 
Mechanics  Art-s  which  will  bear  a  bounteous  harvest. 

29.  It  may  be  truly  said  that  this  Society,  and  others  allied  in 
promoting  the  Mechanic  Arts,  complete  the  system  of  technical 
training  by  going  beyond  the  province  of  the  technical  schools, 
their  student-s  being  the  men  who  constitute  the  management  of 
our  manufacturing  enterprises.  It  should  be  gratifying  to  all  of 
us  that  the  pioneer  literature  of  advanced  shop  management  and 
practice  for  this  post-graduate  course  of  technical  training  was 
presented  to  the  world  by  the  American  Society  of  Mechanical 
Engineers. 
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No.  1010.* 

SLIDE  RULES  FOR   THE  MACHINE  SHOP  AS  A  PART 
OF  THE   TAYLOR  SYSTEM   OF  MANAGEMENT 

BY  CARL  G.   EARTH,   SWARTHMORE,   PA. 

(Member  of  the  Society.) 

1.  In  his  paper  on  '^  Shop  Management,"  read  at  the  Saratoga 
meeting  of  the  Society  in  June  last,  Mr.  Fred  W.  Tavlor  referred 
to  certain  slide  rules  that  had  been  invented  and  developed  under 
his  supervision  and  general  guidance,  by  means  of  which  it  be- 
comes a  comparatively  simple  matter  to  determine  that  feed  and 
speed  at  which  a  lathe  or  kindred  machine  tool  must  be  run  in 
order  to  do  a  certain  piece  of  work  in  a  minimum  of  time. 

2.  These  slide  rules  were  also  mentioned  by  Mr.  H.  L.  Gantt  in 
his  paper  ^'  A  Bonus  System  of  Rewarding  Labor  "  (Xew  York 
Meeting,  December,  1901),  as  being  at  that  time  in  successful  use 
in  the  large  machine  shop  of  the  Bethlehem  Steel  Company,  and 
reproductions  of  a  number  of  instruction  cards  were  therein  pre- 
sented, the  dictated  feeds  and  speeds  of  which  had  been  deter- 
mined by  means  of  these  slide  rules. 

3.  Mr.  Taylor  early  set  about  making  experiments  with  a  view 
to  obtaining  information  in  regard  to  resistances  in  cutting  steel 
with  edged  tools,  and  also  the  relations  that  exist  between  the 
depth  of  cut  and  feed  taken  to  the  cutting  speed  and  time  that  a 
tool  will  endure;  and  he  advanced  far  enough  along  these  lines 
in  his  early  position  as  engineer  for  the  Midvale  Steel  Company 
to  make  systematic  and  successful  use  of  the  information  obtained ; 
but  as  this,  of  course,  was  confined  to  tempered  carbon  tools  only, 
it  was  not  applicable  to  the  modern  high-speed  steel,  so  that  the 
invention  and  introduction  of  this  steel  called  for  new  experiments 
to  be  made. 

4.  These  were  first  undertaken  under  Mr.  Taylor's  directions  at 

*  Presented  at  the  New  York  meeting  (December,  1903)  of  the  American  So- 
ciety of  Mechanical  Engineers,  and  forming  part  of  Volume  XXV.  of  the  Trans- 
actions. 
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Bethlehem,  so  far  as  the  cutting  of  steel  alone  was  concerned; 
and  later  on  at  tlie  works  of  William  Sellers  &  Co.,  Inc.,  of 
rhiladeli>hia,  at  which  place  the  writer  spent  fifteen  months  in 
going  over  these  experiments  again,  on  both  steel  and  cast  iron, 
and  with  tools  of  a  variety  of  shapes  and  sizes,  and  for  which 
nearly  25  tons  of  material  were  required. 

5.  However,  it  is  not  the  writer's  intention  at  this  time,  to  give 
an  account  of  these  experiments,  or  of  the  results  obtained  and 
conclusions  drawn  from  them,  but  merely  to  give  some  idea  of 
the  slide  rules  on  which  these  have  been  incorporated,  and  by 
means  of  which  a  most  complex  mathematical  problem  may  be 
solved  in  less  than  a  minute.   ^ 

6.  He  will  also  confine  his  attention  to  the  most  generally  inter- 
esting of  these  slide  rules;  that  is,  the  slide  rules  for  lathes,  and 
he  will  take  for  an  example  an  old  style  belt-driven  lathe,  with 
cone  pulley  and  back  gearing. 

7.  Considering  the  number  of  variables  that  enter  into  the  prob- 
lem of  determining  the  most  economical  way  in  which  to  remove 
a  required  amount  of  stock  from  a  piece  of  lathe  work,  they  may 
be  enumerated  as  follows : 

I.  The  size  and  shape  of  the  tools  to  be  used. 
II.  The  use  or  not  of  a  cooling  agent  on  the  tool. 
HI.  The  number  of  tools  to  be  used  at  the  same  time. 
IV.  The  length  of  time  the  tools  are  required  to  stand  up  to 

the  work  (Life  of  Tool). 
V.  The  hardness  of  the  material  to  be  turned  (Class  ISTum- 

ber). 
VI.  The  diameter  of  this  material  or  work. 
VII.  The  depth  of  the  cut  to  be  taken. 
VIII.  The  feed  to  be  used. 
IX.  The  cutting  speed. 
X.  The  cutting  pressure  on  the  tool. 

XI.  The  speed  combination  to  be  used  to  give  at  the  same 
time  the  proper  cutting  speed  and  the  pressure  re- 
quired to  take  the  cut. 
XII.  The  stiffness  of  the  work.  • 

8.  All  of  these  variables,  except  the  last  one,  are  incorporated 
in  the  slide  rule,  which,  when  the  work  is  stiff  enough  to  permit  of 
any  cut  being  taken  that  is  within  both  the  pulling  power  of  the 
lathf  and  .strength  of  the  tool,  may  be  manipulated  by  a  person 
who  has  not  the  slightest  practical  judgment  to  bear  on  the  matter; 
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but  which  as  yet,  whenever  the  work  is  not  stiff  enough  to  permit 
of  this,  does  require  to  be  handled  by  a  person  of  a  good  deal  of 
practical  experience  and  judgment. 

9.  However,  we  expect  some  day  to  accumulate  enough  data  in 
regard  to  the  relations  between  the  stiffness  of  the  work  and  the 
cuts  and  speeds  that  will  not  produce  detrimental  chatter,  to  do 
without  personal  judgment  in  this  matter  also,  and  we  will  at 
present  take  no  notice  of  the  twelfth  one  of  the  above  variables 
but  confine  ourselves  to  a  consideration  of  the  first  eleven  only. 

10.  Of  these  eleven,  all  except  the  third  and  tenth  enter  into  re- 
lations with  each  other  that  depend  only  on  the  cutting  properties 
of  the  tools,  while  all  except  the  second,  fourth  and  ninth  also 
enter  into  another  set  of  relations  that  depends  on  the  pulling 
power  of  the  lathe,  and  the  problem  primarily  solved  by  the  slide 
rule  is  the  determination  of  that  speed-combination  which  will  at 
the  same  time  most  nearly  utilize  all  tlie  pulling  power  of  the 
lathe  on  the  one  hand,  and  the  full  cutting  efficiency  of  the  tools 
used  on  the  other  hand,  when  in  any  particular  case  under  consid- 
eration values  have  been  assigned  to  all  the  other  nine  variables. 

11.  If  our  lathe  were  capable  of  making  any  number  of  revolu- 
tions per  minute  between  certain  limits,  and  the  possible  torque 
corresponding  to  this  number  of  revolutions  could  be  algebraically 
expressed  in  terms  of  such  revolutions,  then  the  problem  might 
possibly  be  reduced  to  a  solution,  by  ordinary  algebraic  methods, 
of  two  simultaneous  equations  containing  two  unkno^m  quantities; 
but  as  yet  no  such  driving  mechanism  has  been  invented,  or  is  ever 
likely  to  be  invented,  so  that,  while  the  problem  is  always  essen- 
tially the  solution  of  two  simultaneous  equations,  or  sets  of  rela- 
tions between  a  number  of  variables,  its  solution  becomes  necessa- 
rily a  tentative  one ;  or,  in  other  words,  one  of  trial  and  error,  and 
involving  an  endless  amount  of  labor,  if  attempted  by  ordinary- 
mathematical  methods;  while  it  is  a  perfectly  direct  and  remark- 
ably simple  one  when  performed  on  the  slide  rule. 

12.  The  slide  rule  method  of  solution  may,  however,  also  be 
employed  for  the  solution  of  numerous  similar  problems  that  are 
capable  of  a  direct  and  perfect  algebraic  solution;  and  it  will,  in 
fact,  be  best  first  to  exhibit  the  same  in  connection  with  the  sim- 
plest imaginable  problem  of  this  kind. 

13.  In  the  first  place,  the  solution  of  two  simultaneous  equations 
may  be  graphically  effected  by  representing  each  of  them  by 
a  curve  whose  coordinates  represent  possible  values  of  the  two 
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unknown  quantities  or  variables,  for  then  the  coordinates  of  the 
point  of  intersection  of  tliese  curves  will  represent  values  of  the 
unknown  quantities  that  satisfy  both  equations  at  the  same  time. 
14.  Example  1.  Thus,  if  wc  have  y  +  x  =  12  and  y  —  x  =  S, 
these  equations  arc  respectively  represented  by  the  two  straight 
lines  AB  and  CD  in  Fig.  3;  and  as  tlese  intersect  at  a  point  (1) 
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whose  coordinates  are  x  —  At\  and  y  —  7J,  these  values  will 
satisfy  both  equations  at  the  same  time. 

15.  Example  2.  Suppose  again  that  we  have  x.y  =  18  and  -  =  3, 

and  these  equations  are  respectively  represented  by  the  equilateral 
hyperbola  EF  and  the  straight  line  GIT;  and  the  coordinates  to 
tlie  point  of  intersection  of  these  (2)  being  respectively  x  =  2.45 
and  y  =  7.35^  these  values  will  satisfy  both  equations  at  the  same 
time. 
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16.  Example  3.  Similarly,  if  we  have  y  —  x  =  Z  and  y.x  =  18, 
these  equations  are  respectively  represented  by  the  straight  lines 
CD  and  the  equilateral  hyperbola  EF ;  and  the  coordinates  to  the 
])oint  of  intersection  of  these  (3)  being  a;  =  3  and  ?/  =  6,  these 
values  will  satisfy  both  equations  at  the  same  time. 

17.  The  slide  rule  method  of  effecting  these  solutions — to  the 
consideration  of  which  we  will  now  pass — will  readily  be  seen  to  be 
very  similar  in  its  essential  nature  to  this  graphical  method, 
though  quite  different  in  form. 

18.  In  Fig.  4  is  shown  a  slide  rule  by  means  of  which  may  be 
solved  any  problem  within  the  range  of  the  rule  of  the  general 
form  :  "  The  sum  and  difference  of  two  nuinbers  heing  given^  what 
are  the  nuird)ers  f  " 

19.  The  rule  is  set  for  the  solution  of  the  case  in  which  the  sum 
of  the  numbers  is  12  and  their  diiference  3,  so  that  we  may  write 

y  -{-  X  —  12  and  y  —  x  =  Z, 

which  are  the  same  as  the  equations  in  Ex.  1  above. 

20.  In  the  rule,  the  upper  fixed  scale  lepresents  possible  values 
of  the  sum  of  the  two  numbers  to  be  found,  for  which  the  example 
under  consideration  gives  y  -\-  x  =  12,  opposite  which  number  is 
therefore  placed  the  arrow  on  the  upper  slide. 

21.  The  scale  on  this  slide  represents  possible  values  of  the 
lesser  of  the  Iwo  numbers  (designated  by  x)  and  the  double  scale 
on  tlie  middle  fixed  portion  of  the  rule  represents  possible  values 
of  the  greater  of  the  two  numbers  (designated  by  y)\  and  these 
various  scales  are  so  laid  out  relatively  to  each  other,  and  to  the 
arrow  referred  to,  that  anv  two  coincident  numbers  on  these  latter 
scales  have  for  their  sum  the  number  to  which  this  arrow  is  set; 
in  this  case  accordingly  12. 

22.  The  bottom  fixed  ^cale  on  the  rule  represents  possible  val- 
ues of  the  difference  of  the  two  numbers,  in  this  case  3,  opposite 
which  number  is  therefore  placed  the  arrow  on  the  bottom  slide 
of  the  rule,  the  scale  on  which  also  represents  possible  values  of 
the  lesser  of  the  two  numbers,  x;  and  the  double  fixed  scale  in 
the  middle  of  the  rule  representing,  as  already  pointed  out,  pos- 
sible values  of  y,  the  whole  is  so  laid  out  that  any  two  coincident 
numbers  on  these  latter  scales  have  for  their  difference  the  num- 
ber to  which  this  arrow  is  set;  in  this  case  accordingly  3. 

23.  Fixing  now  our  attention  on  any  number  on  the  double  y 
scale  in  the  middle  of  the  rule,  we  first  note  the  values  coincident 
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to  it  in  the  two  x  scales  on  the  slides;  and  this  done,  we  readily 
discover  in  which  direction  we  must  move  along  the  first  scale  in 
order  to  pick  out  that  value  of  y  which  has  the  same  value  of  x 
coincident  with  it  in  both  x  scales.  For  the  case  under  consid- 
eration this  value  of  y  is  7-J,and  the  coincident  value  in  both  scales 
is  4^.  Evidently,  therefore,  y  —  7^  and  x  —  4:^  are  the  num- 
bers sought. 

24.  In  the  same  manner  we  may  make  a  slide  rule  for  the  solu- 
tion of  the  general  problem  :  "  The  product  and  quotient  of  two 
numhers  heing  given^  what  are  the  numhers  f  " 

Such  a  rule  would  differ  from  the  above  described  rule  merely 
in  having  logarithmic  scales  instead  of  plain  arithmetic  scales. 

25.  By  the  combined  use  of  both  arithmetical  and  logarithmetic 
scales  we  may  even  construct  rules  for  a  similar  solution  of  the 
general  problems :  "  The  sum  and  product^  or  the  sum  and  quo- 
tient, or  the  difference  and  product^  or  the  difference  and  quotients 
of  two  numhers  heing  giveyi,  what  are  the  numhers  f "  and  a 
multiplicity  of  others;  and  the  writer  ventures  to  suggest  that 
slide  rules  of  this  kind,  and  some  even  simpler  ones,  might  be 
made  excellent  use  of  in  teaching  the  first  elements  of  algebra, 
as  they  would  offer  splendid  opportunities  for  illustrating  the  rules 
for  the  operations  with  negative  numbers,  which  are  such  a 
stumbling  block  to  the  average  young  student. 

26.  We  now  have  sufficient  idea  of  the  mathematical  principles 
involved,  for  a  complete  understanding  of  the  working  of  the  slide 
rule  whose  representation  forms  the  main  purpose  of  this  paper. 

27.  This  slide  rule,  in  a  somewhat  ideal  fomi  in  so  far  as  it  is 
made  out  for  neither  steel  nor  cast  iron,  but  for  an  ideal  metal  of 
properties  between  these  two,  is  illustrated  in  Fig.  5.  It  will  be 
seen  to  have  two  slides  in  its  upper  section  and  three  in  its  lower 
section,  and  it  is  in  so  far  identical  with  the  rules  made  for  the 
Bethlehem  Steel  Company,  while  in  the  rules  more  recently  made 
it  has  been  found  possible  and  convenient  to  construct  it  with  only 
two  slides  in  the  lower  section  also. 

28.  It  is  shown  arranged  for  a  belt-driven  lathe  (No.  43"'^)  with 
five  cone  steps,  which  are  designated  respectively  by  the  numbers 
1,  2,  3,  4,  5,  from  the  largest  to  the  smallest  on  the  machine. 
This  lathe  has  a  back  gear  only,  and  the  back  gear  in  use  is  desig- 

*  The  main  frame  of  the  rule  is  used  for  a  number  of  lathes,  and  is  arranged 
to  receive  interchangeable  specific  scales  for  any  lathe  wanted,  as  may  be  seen  in 
the  illustration. 
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Mated  by  the  letter  A,  the  back  gear  out  by  the  letter  B.  It  also 
has  two  counter  shaft  speeds,  designated  respectively  by  S  and  F, 
such  tliat  S  stands  for  the  slower,  F  for  the  faster  of  these  speeds. 

29.  The  Speed  Combination  '6— A — xb^  thus  designates — to 
choose  an  example — the  belt  on  the  middle  cone  step,  the  back 
gear  in,  and  the  slow  speed  of  the  countershaft;  and  similarly,  the 
combination  1 — B — F  designates  the  belt  on  the  largest  cone  step 
on  the  machine,  the  back  gear  out,  and  the  fast  speed  of  the  coun- 
tershaft; and  so  on. 

30.  The  double,  fixed  scale  in  the  middle  of  the  rule  (marked 
Feed)  is  equivalent  to  the  y  scale  of  the  rule  in  Fig,  4,  and  the 
scales  nearest  to  this  on  the  slides  on  each  side  of  it  (marked 
Speed  Combination  for  Power,  and  for  Speed,  respectively) 
are  equivalent  to  the  x  scales  on  the  rule  in  Fig.  4.  '  The  rest 
of  the  scales  represent  the  various  other  variables  that  enter  into 
the  problem  of  determining  the  proper  feed  and  speed  combina- 
tion to  be  used,  fixed  values  being  either  directly  given  or  'as- 
signed to  these  other  variables,  in  any  particular  case  under 
consideration. 

31.  The  upper  section  of  the  rule  embodies  all  the  variables  that 
enter  into  the  question  of  available  cutting  pressure  at  the  tool, 
while  the  low^er  section  embodies  all  the  variables  that  enter  into 
the  question  of  cuiiing  speed  ;  or,  in  other  words,  the  upper  section 
deals  with  the  'pulling  pov^er  of  the  lathe,  the  lower  section  with 
the  cutting  properties  of  the  tool;  and  our  aim  is  primarily  to 
utilize,  in  every  case,  both  of  these  to  the  fullest  extent  possible. 

32.  The  example  for  which  the  rule  has  been  set  in  the  illustra- 
tion is : 

A  ^  inch  depth  of  cut  to  be  taken  with  each  of  two  tools  on  a 
.material  of  class  14  for  hardness,  and  of  20  inches  diameter,  and 
the  tools  to  last  1  hour  and  45  minutes  under  a  good  stream  of 
water. 

33.  The  steps  taken  in  setting  the  rule  were: 

1.  The  first  scale  in  the  upper  or  Power  section  of  the  rule, 
from  above,  was  first  set  so  that  2  in  the  scale  marked  Number 
OF  Tools  became  coincident  with  -J  inch  in  the  fixed  scale  marked 
L)epth  of  Cut  for  P<nvER. 

2.  The  second  slide  in  this  section  of  the  rule  was  so  set  that 
20  inches  in  the  scale  marked    Diameter  of  AYork   for  Power 

became  coincident  with  14  in  the  scale  marked  Class  Number 
for  Power. 
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3.  The  first  slide  from  below,  in  the  lower  or  Speed  section 
of  the  rule,  was  so  set  that  the  arrow  marked  With  Water  be- 
came coincident  ^^dth  1  hour  45  minutes  in  the  fixed  scale  marked 
Life  of  Tool. 

4.  The  arrow  on  the  lower  side  of  the  second  slide  in  this 
section  of  the  rule  was  set  to  coincide  with  ^  inch  in  the  scale 
marked  Depth  of  Cut  for  Cutting  Speed. 

5.  The  third  and  last  slide  in  this  section  was  so  set  that  20 
inches  in  the  scale  marked  Diameter  of  Work  for  Cutting  Speed 
became  coincident  with  14  in  the  scale  marked  Class  ^N^umber 
FOR  Cutting  Speed. 

Let  us  now  separately  direct  our  attention  to  each  of  the  two 
sections  of  the  rule. 

34.  In  the  Power  section  we  find  that  all  the  speed  combina- 
tions marked  B  (back  gear  out)  lie  entirely  beyond  the  scale  of 
feeds,  which  means  that  the  estimated  effective  pull  of  the  cone 
belt  reduced  do\^Ti  to  the  diameter  of  the  work,  does  not  represent 
enough  available  cutting  pressure  at  each  of  the  tools  to  enable  a 
depth  of  cut  of  ^  inch  to  be  taken  with  even  the  finest  feed  of  the 
lathe.  Turning,  however,  to  the  speed  combinations  marked  A 
(back  gear  in),  we  find  that  with  the  least  powerful  of  them 
(5 — A — F)  the  e  feed,  which  amounts  to  xf^  inch  =  0.039 
inch,  may  be  taken;  while  the  f  feed,  which  amounts  to  ^V 
inch  =  0.05  inch,  is  a  little  too  much  for  it,  though  it  is  within 
the  power  of  the  next  combination  (5 — A — S),  and  so  on  until 
we  finally  find  that  the  most  powerful  combination  (1 — A — S) 
is  nearly  capable  of  pulling  the  i  feed,  which  amounts  to  -j^  inch 
=  0.1  inch. 

35.  In  the  Speed  section  of  the  rule  we  likewise  find  that  all  the 
B  combinations  lie  beyond  the  scale  of  feeds,  while  we  find  that 
the  combination  5 — A — F  (which  corresponds  to  a  spindle  speed 
of  11.47  revolutions  per  minute),  can  be  used  in  connection  with 
the  finest  feed  (a)  only,  if  we  are  to  live  up  to  the  require- 
ments set  for  the  life  of  the  tool;  while  the  next  combination 
(4 — A — F)  will  allow  of  the  e  feed  being  taken,  the  combination 
3 — A — F  of  the  /  feed,  and  so  on  until  we  finally  find  that  the 
combinations  3 — A — S  is  but  a  little  too  fast  for  the  coarsest  (o) 
feed,  and  that  both  of  the  slowest  combinations  (1 — A — S  and 
2 — A — S)  would  permit  of  even  coarser  feeds  being  taken,  so  far 
as  only  the  lasting  qualities  of  the  tools  are  concerned. 

36.  We  thus  see  that  there  is  a  vast  difference  between  what  the 
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Power  section  of  the  rule  gives  as  possible  combinations  of  feeds 
and  speeds  for  the  utilization  of  the  full  pulling  power  of  the 
lathe,  and  what  the  Speed  sections  of  the  rule  gives  for  such  com- 
binations for  the  utilization  of  the  tools  up  to  the  full  limit  set. 
However,  bj  again  running  down  the  scale  of  feeds  we  find  that, 
in  both  sections  of  the  rule,  the  i  feed  (tV  inch  =  0.1  inch),  is 
but  a  trifle  too  coarse  for  the  combination  1 — A — F,  while  the  h 
feed  (/j  inch  =  0.078  inch)  is  somewhat  too  fine  in  connection 
with  this  speed  combination  1 — A — F^  both  for  the  full  utilization 
of  the  pulling  power  of  the  belt  on  the  one  hand,  and  for  the  full 
utilization  of  the  cutting  efficiency  of  the  tools  on  the  other  hand. 

37.  In  this  case,  accordingly,  the  rule  does  not  leave  a  shadow 
of  doubt  as  to  which  speed  combination  should  be  used,  while  it 
leaves  us  to  choose  between  two  feeds,  the  finer  of  which  does  not 
allow  us  to  Avork  up  to  the  full  limit  of  either  the  belt  or  the  tools, 
and  the  coarser  of  which  will  both  overload  the  belt  a  trifle  and 
ruin  the  tools  a  trifle  sooner  than  we  first  intended  to  have  them 
give  out. 

38.  The  final  choice  becomes  a  question  of  judgment  on  the  part 
of  the  Slide  Rule  and  Instruction  Card  Man,  and  will  depend  upon 
how  sure  he  is  of  having  assigned  the  correct  Class  Number  to 
the  material  or  not;  and  this  latter  consideration  opens  up  a  num- 
ber of  questions  in  regard  to  the  practical  utilization  of  the  rule, 
which  for  the  lack  of  time  cannot  be  taken  up  in  the  body  of 
this  paper,  but  which  will  be  fully  answered  by  the  writer  in  any 
discussion  on  the  subject  that  may  arise. 

39.  Having  decided  upon  the  speed  and  feed  to  use,  the  Instruc- 
tion Card  Man  now  turns  to  the  Time  slide  rule  illustrated  in  Fig. 
^5,  and  by  means  of  this  determines  the  time  it  will  take  the  tools 
to  traverse  the  work  to  the  extent  wanted,  and  making  a  fair 
allowance  for  the  additional  time  consumed  in  setting  the  tools 
and  calipering  the  work,  he  puts  this  down  on  the  instruction 
card  as  the  time  the  operation  should  take. 

40.  For  finishing  work  the  pulling  power  cuts  no  figure,  so  that 
this  resolves  itself  into  a  question  of  feed  and  speed  only;  and  for 
the  selection  of  the  speed  combination  that  on  any  particular 
lathe  will  give  the  nearest  to  a  desired  cutting  speed,  the  Speed 
.slide  rule  "^  illustrated  in    Fig.  7  is  used. 

41.  It  will  readily  be  realized  that  a  great  deal  of  preliminary 


♦  Described  in  the  American  Machinist  of  November  20,  1902. 
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work  has  to  be  done  before  a  lathe  or  other  machine  tool  can  be 
successfully  put  on  a  slide  rule  of  the  kind  described  above.  The 
feeds  and  speeds  and  pulling  power  must  be  studied  and  tabulated 
for  handy  reference,  and  the  driving  belts  must  not  be  allowed 


Fig.  6. 


to  fall  below  a  certain  tension,  and  must,  in  every  way,  be  kept 
in  first-class  condition. 

4:2.  In  some  cases  it  also  becomes  necessary  to  limit  the  work  to 
be  done,  not  by  the  pull  that  the  belt  can  be  counted  on  to  exert, 
but  by  the  strength  of  the  gears,  and  in  order  to  quickly  figure 
this  matter  over  the  writer  also  designed  the  Gear  slide  rule  "^ 
illustrated  in  Fig.  8,  which  is  an  incorporation  of  the  formulae 
established  several  years  ago  by  Mr.  AVilfred  Lewis. 


*  Described  in  tlie  American  MacJiinist  of  July  31,  1902. 


60 


SLIDE   RULES   FOR   MACHINE   SHOP   AND   TAYLOR   SYSTEM. 


4o.  For  the  pulling  power  of  a  belt  at  different  speeds,  the 
writer  has  established  new  formulse,  which  take  accoun,t  of  the  in- 
^•easing  sum  of  the  tensions  in  the  two  sides  of  a  belt  with  increas- 
ing effective  pull,  and  which  at  the  same  time  are  based  on  the 
tensions  recommended  by  Mr.  Taylor  in  his  paper  entitled  "  ^N'otes 


Fig. 


on  Belting,"  which  was  presented  at  the  Meeting  of  the  Society 
in  December,  1893. 

44.  These  formula?  have  also  been  incorporated  on  a  slide  rule, 
but  as  the  writer  hopes  at  some  future  time  to  prepare  a  separate 
paper  on  this  subject,  he  will  not  go  into  this  matter  any  further 
at  the  prf'sent  time. 

45.  Having  thus  given  an  outline  of  the  use  of  the  slide  rule  sys- 
tem of  predetermining  the  feeds  and  speeds,  etc.,  at  which  a 
machine  tool  ought  to  be  run  to  do  a  piece  of  work  in  the  shortest 
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possible  time,  the  writer,  who  has  made  this  matter  an  almost  ex- 
clusive study  during  the  last  four  years,  and  who  is  at  present  en- 
gaged in  introducing  the  Instruction  Card  and  Functional  Fore- 
manship  System  into  two  well-known  Philadelphia  machine  shops, 
which  do  a  great  variety  of  work  in  both  steel  and  cast  iron,  will 


Fig.  8. 


merely  add  that,  in  view  of  the  results  he  has  already  obtained, 
in  connection  with  the  results  obtained  at  Bethlehem,  the  usual 
way  of  running  a  machine  shop  appears  little  less  than  absurd. 

46.  Thus  already  during  the  first  three  weeks  of  the  application 
of  the  slide  rules  to  two  lathes,  the  one  a  27  inch,  the  other  a  24 
inch,  in  the  larger  of  these  shops,  the  output  of  these  was  increased 
to  such  an  extent  that  they  quite  unexpectedly  ran  out  of  work 
on  two  different  occasions,  the  consequence  being  that  the  super- 
intendent, who  had  previously  worried  a  good  deal  about  how  to 
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ffct  the  crroat  ainoinit  of  work  on  hand  for  these  lathes  out  of  the 
way,  suddenly  found  himself  confronted  with  a  real  difficulty  in 
keeping  them  supplied  with  work.  But  while  the  truth  of  this 
Statement  may  appear  quite  incredible  to  a  great  many  persons,  to 
the  writer  himself,  familiar  and  impressed  as  he  has  become 
with  the  great  intricacy  involved  in  the  problem  of  determining 
the  most  economical  way  of  running  a  machine  tool,  the  applica- 
tion of  a  rigid  mathematical  solution  to  this  problem  as  against 
the  leaving  it  to  the  so-called  practical  judgment  and  experience 
of  the  operator,  can  not  otherwise  result  than  in  the  exposure  of 
the  perfect  folly  of  the  latter  method. 
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No.  1011.* 

MODIFYING   SYSTEMS   OF  MANAGEMENT. 

BY   H.   L.    GANTT,    SCHENECTADY,   N.   T. 

(Member  of  the  Society.) 

1.  At  tlie  Saratoga  meeting  the  papers  on  shop  management 
and  the  allied  subjects  covered  such  a  broad  field  that  a  thorough 
discussion  of  them  in  the  time  available  was  practically  impossible, 
and  consequently,  as  the  writer  has  since  found  in  going  over  the 
subject  with  members,  many  of  the  most  important  points  in  those 
papers  were  not  brought  out. 

2.  Most  of  the  people  the  writer  has  talked  with  regarded  the 
various  things  advocated  as  individual  propositions,  and  approved 
or  condemned  according  as  they  saw,  or  did  not  see  how  they  could, 
or  could  not  be  adapted  to  their  works  and  their  existing  system 
of  management.  Many  people  apparently  would  like  to  adopt 
some  of  the  ideas,  but  do  not  see  how  they  can  do  so  without 
making  radical  changes.  This  is  due  to  the  fact  that  few  plants 
have  in  practical  operation  the  basis  on  which  the  whole  system 
depends  for  its  ultimate  success,  namely  a  complete  and  accurate 
system  of  getting  a  record  of  all  work  done  each  day,  and  the 
amount  of  time  spent  in  doing  it.  In  other  words  a  means  of 
knowing  in  the  office  whether  every  order  has  been  properly  car- 
ried out  or  not,  without  actually  going  out  into  the  shops  and  inves- 
tigating. Whether  the  whole  system  as  advocated  is  adopted  or 
not  this  part  is  of  great  value  to  any  manager,  superintendent  or 
foreman,  and  can  usually  be  gradually  introduced  without  stirring 
up  any  serious  opposition.  As  a  matter  of  fact  it  has  been  the 
writer's  experience  that  all  good  men  welcome  such  a  system  and 
do  all  they  can  to  get  it  in  operation;  and,  if  a  little  time  is  taken, 
a  radical  change  may  be  made  by  methods  that  are  not  at  all  revo- 
lutionary. 

*  Presented  at  the  New  York  meeting  (December,  1903)  of  the  American  So- 
ciety of  Mechanical  Engineers,  and  forming  part  of  Volume  XXV.  of  the  Trans- 
actions. 
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3.  A  Complete  System :  Referring  again,  however,  to  the  views 
of  the  members  regarding  the  methods  advocated  at  the  Saratoga 
meeting,  it  seems  that  few  have  grasped  the  idea  that  what  was 
advocated  was  not  a  series  of  isohited  propositions,  but  a  system 
of  management  having  a  number  of  parts  working  in  harmony 
with  each  other,  designed  first  to  find  out  in  detail  what  the  maxi- 
mum output  of  a  plant  should  be,  and  then  to  make  it  to  the  in- 
terest of  all  concerned  to  obtain  day  after  day  that  maximum 
output. 

4.  Different  Views:  As  an  example  of  how  diverse  the  criticisms 
of  the  papers  were,  I  may  quote  some  of  the  extreme  ones. 

5.  One  man,  the  manager  of  a  large  plant,  thought  that  if  the 
methods  advocated  by  Mr.  Taylor  were  attempted  in  his  plant 
there  would  be  a  strike  at  once. 

6.  A  second  man  did  not  see  why  we  did  not  compel  a  workman 
to  give  the  maximum  output  without  extra  compensation  if  we 
knew  how  it  should  be  done. 

7.  A  third  man  said  to  the  writer,  "  ]^ow  for  the  first  time  I  see 
how  you  can  get  the  maximum  output  from  your  shop  without 
having  trouble  with  your  men,  and  if  you  carry  out  the  methods 
described  I  don't  see  how  you  can  have  trouble." 

These  opinions,  being  those  of  well-known  and  prominent  men, 
are  worthy  of  careful  consideration. 

8.  Analysis  of  Opinions:  Regarding  the  first  opinion,  that  the 
introduction  of  the  methods  advocated  by  Mr.  Taylor,  and  it  was 
the  study  of  unit  times  that  was  especially  referred  to,  would 
produce  a  strike  in  his  works,  the  reply  is  that  such  study  has 
never  yet  caused  a  strike.  That  it  is  possible  to  cause  a  strike  in 
almost  any  plant  by  doing  this  work  in  an  obnoxious  way  is  un- 
doubtedly true;, but  it  is  equally  true  that  the  work  may  be  done 
without  serious  opposition  in  almost  any  plant  if  sujficient  time 
and  patience  are  devoted  to  it.  It  is  realized,  however,  only  by 
those  who  have  actually  done  the  work  how  much  time  and 
patience  may  ])e  needed,  and  a  man  who  undertakes  this  work 
without  the  experience  of  others  to  guide  him  is  apt  to  be  dis- 
couraged, for  lie  will  find  that  his  progress  is  extremely  slow. 

9.  On  the  other  hand  if  the  workmen  are  so  united  in  their 
determination  that  no  one  man  can  be  found  who  will  follow  the 
wishes  of  the  management  and  do  exactly  what  is  wanted  without 
objecting  to  having  the  details  observed  and  recorded,  it  would 
seem  desirable  to  get  such  a  man  as  soon  as  possible.     This,  how- 
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ever,  is  a  condition  the  writer  has  never  come  across;  and,  while 
it  may  exist,  is  certainly  very  rare,  and  probably  does  not  exist  at 
all  in  any  large  plant,  although  it  may  take  some  time  and  patience 
to  find  the  right  man.  When  a  start  has  been  made  and  the  good 
men  begin  to  realize  that  what  is  being  done  is  for  their  advan- 
tage as  well  as  for  that  of  the  company,  there  need  be  no  trouble 
provided  men  are  allowed  to  see  the  results  of  one  step  before 
another  is  taken. 

10.  The  Second  Opinion:  That  if  we  knew  how  to  get  the 
maximum  output  of  a  machine  we  should  compel  the  workmen  to 
get  it  without  extra  compensation  is  not  in  keeping  with  the 
spirit  of  the  age.  We  cannot  to-day  in  this  country  compel  any- 
body to  do  anything.  The  employer  must  concede  to  the  work- 
man what  he  demands  for  himself — that  he  be  allowed  to  do  what 
he  believes  it  to  be  his  interest  to  do.  In  other  words,  when  the 
employer  has  decided  upon  what  he  believes  to  be  his  interest,  his 
only  successful  method  of  procedure  is  to  make  it  to  the  interest 
of  the  workman  to  do  what  is  wanted.  It  may  take  time  and 
patience  to  make  the  workman  realize  what  his  true  interest  is  and 
see  it  in  the  same  light  as  the  employer  does,  and  unions  may 
oppose  it;  but  if  the  inducement  is  a  fair  one  and  the  employe 
is  subjected  to  no  real  hardship  it  is  only  a  question  of  time  when 
somebody  will  be  found  of  sufficient  independence  to  work  for 
his  own  interest. 

11.  The  Third  Opinion:  That  these  methods  properly  carried 
out  should  give  the  maximum  output  and  be  practically  an  insur- 
ance against  labor  trouble  the  writer  leaves  for  the  comment  of 
others.  Suffice  it  to  say  that  the  writer  is  finding  an  increasing 
number  of  men  that  are  looking  at  the  matter  in  that  light,  and 
asking  for  information  as  to  the  best  method  of  beginning  this 
work  under  the  conditions  that  exist  in  their  shops. 

12.  Introducing  New  Methods :  It  must  always  be  borne  in  mind 
that  everybody  is  suspicious  of  new  methods,  and  that  the  only 
way  to  remove  this  suspicion  is  to  show  them  that  the  new 
methods  are  going  to  help  them  in  their  work.  If  the  first  thing 
that  is  started  is  helpful  to  somebody,  it  will  not  ^oe  long  before 
there  is  a  sentiment  in  favor  of  the  new  system.  The  time-keeping 
department  and  the  foremen  usually  find  the  system  of  daily  re- 
turns from  the  men  of  such  assistance  to  them  that  it  soon  has 
their  support,  and  when  the  Graphical  Daily  Balance  begins  to 
show  up  weak  spots  the  best  foremen  realize  they  have  at  their 
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command  an  instiimient  which  will  help  them  to  increase  the 
efficiency  of  their  work  by  enabling  them  to  put  their  efforts  where 
they  are  most  needed. 

Having  thus  stimulated  an  interest  in  making  improvement, 
the  value  of  the  detail  methods  as  advocated  by  Mr.  Taylor  will 
soon  be  realized,  after  which  their  adoption  is  only  a  question  of 

time. 

13.  77ie  Office:  The  remarks  so  far  have  been  with  reference 
to  the  shop,  but  they  are  equally  applicable  to  the  office,  for  to 
have  a  schedule  of  what  should  be  done  in  the  office  each  day  and 
a  graphical  representation  on  that  schedule  of  what  was  done  is 
of  great  advantage  to  the  management,  and  is  essential  to  proper 
harmonious  relations  between  the  office  and  the  shop.  Indeed  to 
be  able  to  make  quickly  each  day  such  comparisons  as  the  follow- 
ing for  the  day  before  is  quite  as  important  as  to  make  similar 
comparisons  of  the  shop  work : 

What  drawings  should  have  been  completed, 

What  drawings  were  completed, 

What  purchase  orders  should  have  been  placed, 

What  purchase  orders  were  placed. 

What  material  should  have  been  received, 

What  material  was  received. 

14.  It  also  costs  but  little  to  make  readily  available  each  day  a 
knowledge  of  what  has  been  spent  in  labor  and  material  on  any 
piece  of  work  up  to  the  close  of  the  day  previous. 

DISCUSSION. 

Mr.  Chas,  D.  Parker. — The  discussion  has  been  almost 
wholly  confined  to  the  management  and  the  workmen.  I  would 
like  to  make  an  inquiry  of  Mr.  Gantt  and  others  who  have  put 
the  matter  in  practice :  How  about  the  intermediary  agent,  the 
foreman?  AVhat  does  he  get  out  of  it,  and  how  much  in- 
terested is  he  in  putting  it  through?  Does  he  get  his  pay 
raised  when  the  men  under  him  increase  their  earnings?  Does 
he  like  it  when  some  of  the  men  under  him  make  much  more 
than  he  docs,  and  is  there  any  difficulty  arising  in  putting  this 
method    in   7)ractice   from   that   source? 

Mr.  Gantt.* — I  will  say  that  the  method  adopted  at  the  Beth- 

*  Author's  Closure  under  the  Rules. 
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lehem  Steel  Company's  Works,  wlien  a  number  of  men  working 
under  a  foreman  each  had  instructions  for  doing  his  work  and  a 
bonus  for  the  accomplishment  of  that  work  in  the  tune  stated  was 
as  follows:  the  foreman  was  given  a  bonus  in  proportion  to  the 
number  of  men  who  earned  their  bonuses  and  an  extra  bonus  if  all 
of  them  earned  it.  It  was  thus  made  to  the  interest  of  the  fore- 
man to  give  his  attention  to  the  poorer  workmen,  and  not  to  the 
best  workmen,  who  needed  attention  least ;  that  worked  very  satis- 
factorily at  Bethlehem.  I  also  know  of  another  concern  that  is 
putting  the  same  plan  into  operation  now — an  entirely  different 
kind  of  plant. 
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No.  1012.* 

IS  AXYTHING    THE  MATTER    WITH  PIECE   WORK?  \ 

BY  PRANK   RICHARDS,   NEW  TORK  CITY. 

(Member  of  the  Society.) 

1.  The  title  of  this  paper,  if  perhaps  slangy  in  form  is  not  so  in 
fact,  and  is,  I  think,  fairly  characteristic  of  what  follows.  It 
may  be  frankly  stated  that  the  purpose  is  not  so  much  to  convey 
information  as  it  is  to  provoke  discussion  and  to  accumulate 
knowledge  upon  one  of  the  unsettled  questions  and  one  of  the 
most  important  which  can  engage  the  attention  of  this  Society. 
It  is  also  one  which  can  most  affect  the  interests  of  its  members 
and  of  those  most  interested  with  them  in  the  safe  and  successful 
conduct  of  business.  A  perfunctory  "  sitting  down ''  upon  the 
paper  is  not  all  that  any  one  could  properly  desire  and  cannot 
possibly  close  the  case. 

2.  Attention  is  invited  to  the  accompanying  diagram  (Fig.  ^, 
which  is  easily  understood.  The  purpose  of  it  is  to  show  the  actual 
earnings  of  the  workman,  and  of  course  also  the  labor-cost  to  the 
employer,  for  any  given  amount  of  work  done  under  either  day 
work  or  piece  work  at  different  rates,  the  Rowan  premium  system 
and  Mr.  llalsey's  premium  plan.     The  amount  of  work  done  is 

*  Presented  at  the  New  York  meeting  (December,  1903)  of  the  American  So- 
ciety of  Meclianical  Engineers,  and  forming  part  of  Volume  XXV.  of  the  Trans- 
actions. 

f  For  further  discussion  on  this  topic  consult  T'rayisactions  as  follows  : 
No.  ?A\,  vol.  X.,  p.  600  :  "Gains  Sharing  "     II.  R.  Towne. 
No.  449.  vol.  xii.,  p.  755  :  "  Premium  Plan."     F.  A.  Plalsey. 
No.  647.  vol.  xvi.,  p.  850  :  "  Piece  Kate  System."     F.  W.  Taylor. 
No.  9(J9,  vol.  xvii.,  p.  1040  :  "  Drawing  Room  and  Shop  System."     F.  O.  Ball. 
No.  928.  vol.  xxiii.,  p.  .341  :  "Bonus  System  for  Rewarding  Labor."     H.  L.  Gantt. 
No.  965,  vol.  xxiv.,  p.  250  :  "Gift  Proposition  for  Paying  Workmen."     Frank 

Kicliards. 
No.  UX)1,  vol.  xxiv.,  p.  1.302:  "  The  Machine  Shop  Problem."     Charles  Day. 
No.  1002,  vol.  xxiv.,  p.  1322  :  "Graphical  Daily  Balance  in  Manufacture."     H. 

L.  fiantt. 
No.  1003.  vol.  xxiv.    p.  1337  :   "  Sliop  Management."     F.  W.  Taylor. 
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represented  by  the  ler.gtlis  of  the  horizontal  lines  and  the  wages 
paid  are  represented  by  the  vertical  lines. 

3.  As  the  Rowan  system  is  not  in  use  in  this  country  all  may 
not  understand  its  basis  of  computation.  It  starts  ^vith  a  fair  day's 
work,  although  that  may  not  be  the  term  used  to  designate  it. 
The  unit  assumed  is  the  amount  or  quantity  of  work  which  the 
man  should  ordinarily  be  expected  to  do  in  a  day  for  the  ordinary 
day's  wage  without  any  special  inducement.  The  premium  is 
earned  only  by  the  work  which  is  done  in  excess  of  the  regular 
day's  work,  and  the  premiimi  earned  is  according  to  the  time 
saved  in  doing  the  work.  If  double  the  work  is  done  in  the 
given  time  then  one-half  the  time  is  saved  and  the  man  is  paid 
one-half  in  addition  to  his  regular  wages.  If  the  man  does  one 
and  a  half  times  his  day's  work  then  one-third  of  the  time  is  saved 
and  he  is  paid  one-third  more  than  his  day's  wages,  and  so  on. 
The  basis  of  computation  is  thus  fixed  and  cannot  be  juggled  with, 
but  the  inducement  constantly  decreases  with  the  amount  of  work 
done,  so  that  whatever  a  man  may  do  he  can  never  by  any  pos- 
sibility double  his  earnings.  Mr.  Halsey's  premium  plan,  of 
course,  requires  no  explanation  here,  and  it  will  be  designated 
hereafter  as  the  premium  plan. 

4.  Eeferring  to  the  diagram  it  will  be  seen  that  both  day  work 
and  piece  work,  whatever  the  rate  of  the  latter,  are  represented 
throughout  by  straight  lines.  A  discouragement  curve  represents 
the  Rowan  premium  system  and  Mr.  Halsey's  premium  plan  has 
a  bend  sinister.  It  was  impossible  to  include  Mr.  Gantt's  bonus 
system  in  the  diagram  because  a  part  of  it,  the  part  where  you  do 
not  quite  earn  the  bonus,  must  be  represented  by  an  invisible 
line. 

5.  It  cannot  fail  to  strike  the  observer  at  once  that  in  the  pre- 
mium plan  the  work  which  is  done  in  the  earning  of  the  premium 
is  straight,  absolute  piece  work.  The  name  cannot  disguise  it.  The 
line  in  the  diagram  for  the  premium  plan  at  one-half  rate  is  ex- 
actly parallel  to  the  half  rate  piece  work  line,  the  wages  earned 
rise  equally  in  each  with  equal  increments  of  work  done.  So  the 
three-eighth  premium  rate  is  parallel  to  the  three-eighth  piece 
work  rate,  and  so  on.  If  in  making  the  premium  plan  bargain, 
the  proposition  were  made  to  the  man  to  first  do  his  allotted  quota 
and  be  credited  with  his  day's  wages  and  that  then  he  should  go 
to  work  by  the  piece  for  the  remainder  of  the  day  at  one-half 
the  day  rate,  that  would  be  the  premium  plan  in  every  particular. 
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6.  The  partial  piece-work  character  of  the  premium  plan  being 
imdeuiable,  a  paper  whose  topic  is  piece  work  must  claim  the  right 
to  handle  it  freely  and  without  apology.  The  premium  plan  was 
invented  by  its  originator  nineteen  years  ago ;  it  was  put  in  opera- 
tion in  the  shop  at  Sherbrooke,  Canada,  thirteen  years  ago,  and 
was  first  brought  to  the  notice  of  this  Society  in  a  paper  twelve 
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years  ago.  The  plan,  I  know,  has  been  proposed  and  advocated 
in  all  honesty  of  purpose;  it  has  been  pushed  with  earnestness 
and  persistency.  As  a  result  the  premium  plan  is  in  operation  in 
a  few  machine  shops  and  nowhere  else.  I  venture  the  personal 
opinion,  based  on  the  fullest  available  information,  that  perhaps 
two  per  cent,  of  the  machine  work  in  the  United  States  is  done 
under  the  premium  plan,  while  ten  times  as  much  is  done  by  un- 
disguised piece  work  and  much  more  than  half  is  still  done  by  the 
day. 
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Y.  It  is  not  at  all  apparent  that  there  are  any  peculiar  condi- 
tions in  the  machine  shop  which  demand  any  different  plans  of 
wage  adjustment  than  are  prevalent  in  the  other  trades.  While  a 
knowledge  of  the  premium  plan  is  now  widespread,  the  plan  has 
not  made  itself  appear  so  good  a  thing  that  any  of  the  other  trades 
have  taken  it  up.  It  would  not  work  with  the  shoemakers  of 
Lynn,  the  hatters  of  Danbury,  the  glovemakers  of  Gloversville, 
or  the  stitchers  and  starchers  in  the  collar  shops  of  Troy,  for 
they  all  work  by  the  piece,  as  do  most  of  the  manufacturing 
trades,  and  the  ultimate  possibilities  of  economical  production 
are  thereby  secured  as  completely  as  they  can  ever  be  claimed 
to  be  under  the  premium  plan. 

8.  We  might  by  an  effort  imagine  the  effect  of  proposing  the 
premium  plan  to  one  of  the  trades  outside  the  machine  shop.  Let 
it  be  tried  on  a  lot  of  bricklayers.  Say  that  it  is  first  agreed  that 
the  day's  wages  are  earned  when  five  hundred  bricks  are  laid,  and 
that  the  premium  plan  begins  right  there.  The  bald  proposition  is, 
first,  that  if  five  hundred  bricks  are  laid  five  hundred  bricks  will  be 
paid  for.  This  is  so  far  meant  to  be  an  honest  bargain  on  both 
sides.  If  you  don't  lay  another  brick  above  the  five  hundred  we 
will  have  no  cause  of  complaint.  Well,  now,  having  agreed  to  pay 
for  the  laying  of  the  five  hundred  bricks,  when  the  five  hundred 
bricks  are  laid  go  on  and  lay  as  many  more  as  you  can.  If  you 
lay  seven  hundred  and  fifty  bricks  w^e  will  pay  you  for  laying  six 
hundred  and  twenty-five  bricks;  if  you  lay  one  thousand  bricks 
we  vdll  pay  you  for  laying  seven  hundred  and  fifty  bricks,  and  so 
on.  It  will  be  very  plain  that  under  this  arrangement  the  workmen 
are  clearly  the  gainers,  for  if  you  lay  more  bricks  you  get  some 
more  money,  and  every  additional  cent  you  get  is,  of  course, 
clear  gain  to  you.  The  absurdity  of  this  thing,  when  dealing 
with  bricklayers,  is  sufficiently  evident;  are  machinists  so  vastly 
different  from  bricklayers  ? 

9.  They  must  be  different  or  else  there  are  some  things  about 
the  premium  plan  upon  which  I  need  information,  and  I  take  this 
way  to  get  it.  One  of  the  inherent  and  inseparable  conditions  of 
the  scheme  would  seem  to  be  the  voluntary  acceptance  of  it  by 
the  individual  workman.  It  depends  entirely  upon  himself  how 
much  the  man  shall  do  after  the  allotted  amount  for  the  day's 
work  is  done.  He  may  do  much  or  he  may  do  little,  and  therefore 
if  he  so  chooses  he  may  do  none  at  all,  but  just  be  content  to  work 
along  at  his  usual  rate  and  just  earn  his   day's  wages.     The 
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premium  plan  as  I  iindorsland  it  is  ostensibly,  entirely  a  coaxing 
and  not  at  all  a  driving  plan;  and  yet  it  is  a  matter  of  common 
knowledsre  that  in  the  State  of  ISJew  York  alone  there  have  been 
two  determined  strikes  against  the  premium  plan  in  the  past  year. 
This  seems  odd.  If  you  don't  choose  to  do  what  you  are  formally 
and  distinctly  allowed  to  choose  whether  you  will  do  or  not,  what 
possibility  for  a  strike  can  there  be  in  that?  Can  it  be  that 
premium  plan  enthusiasts  sometimes  venture  to  put  on  to  the 
plan  some  features  which  do  not  belong  to  it?  I  cannot  imagine 
any  other  way  in  which  a  strike  could  be  possible. 

10.  If  they  can  tag  things  on  and  objectionably  modify  the  pre- 
mium plan  they  can  also  knock  things  off.  The  one  essential  safe- 
guard of  the  premium  plan  continually  insisted  upon  is  that  there 
shall  be  no  cutting  of  rates  when  once  established.  This  must 
inevitably  involve  injustice,  because  prices  both  of  labor  and  of 
finished  products  change  continually,  and  there  must  be,  if  justice 
is  to  prevail,  sometimes  a  cutting  of  rates  and  sometimes  an  ad- 
vance of  rates.  So  far  as  it  is  possible  to  '^  honest  prices,  and  to 
maintain  them  there  as  long  as  it  is  just  to  both  sides  to  do  so,  it 
can  be  done  as  well  with  straight  piece  work  as  with  any  premium 
plan,  and  is  so  done.  For  instance,  I  have  knowledge  of  an  estab- 
lishment in  the  machine  line,  whose  identity  I  must  not  disclose, 
where  fifteen  hundred  men  are  employed  and  where  piece  work 
prevails  in  all  departments,  so  that  90  per  cent,  of  the  produc- 
tive work  of  the  entre  establishment  is  done  by  piece  work,  and 
it  may  be  said  of  that  establishment  that  there  is  no  cutting  of 
rates  there,  just  as  truly  as  I  suppose  it  is  ever  said  of  works  where 
the  premium  plan  is  in  use.  All  prices  when  made  run  for  a  year. 
They  are  not  arbitrarily  imposed  by  the  employer  or  his  repre- 
sentatives, but  are  the  outcome  of  fair  and  free  and  friendly  con- 
ference, and  when  changes  of  price  are  imperative  they  are 
adjusted  again  in  the  same  way.  The  works  are  prosperous  con- 
tinually, and  the  relation  of  employers  and  employes  are  less 
strained  than  they  were  under  other  arrangements. 

11.  It  must  be  evident  that  none  of  these  premium  or  bonus, 
or  other  curved  or  bent,  or  defective  line  schemes,  whatever  they 
may  claim  in  the  way  of  quickening  the  pace  of  the  worker  and 
increasing  the  output,  can  be  the  most  effective,  for  the  reason 
that  they  offer  a  reduced  incentive  at  the  precise  time  when  the 
need  of  incentive  is  most  urgent.  It  is  the  last  piece  done  which 
comes  the  hardest,  and  it  is  absurd  to  offer  the  man  half-price  or 
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less  for  doing  it.  With  either  of  the  premium  plans  doing  its 
best  in  the  way  of  increased  output  and  reduced  labor  cost  per 
unit,  and  with  piece-work  prices  adjusted  to  precisely  the  same 
price  per  piece,  the  inducement  to  the  worker  to  increase  his  out- 
put still  further  must  be  greater  under  the  piece  work  than  under 
the  premium  plan.  The  guarantee  that  prices  shall  not  be  cut 
is  precisely  as  applicable  to  piece  work  as  to  the  premium 
plan.  The  latter  has  absolutely  no  monopoly  of  honesty,  no 
assurance  of  price  maintenance  any  more  than  the  other. 
With  equal  temptation  to  cut,  and  with  the  same  human 
nature  in  the  boss,  the  chances  of  cutting  will  average  precisely 
equal. 

12.  With  no  one  having  the  slightest  interest  in  pushing  or  ad- 
vertising piece  work,  it  is  advancing  on  its  merits  as  the  most 
honest  way  of  paying  for  repetitive  work  in  the  machine  trade  as 
in  all  others.  It  is  worth  while  to  note  its  popularity  and  progress 
especially  in  the  extensive  line  of  railroad  work.  The  testimony 
at  the  meetings  of  the  various  railroad  organizations  is  very  pro- 
nounced in  this  direction.  At  the  meeting  this  summer  of  the 
Railroad  Master  Blacksmiths  one  man  stated  that  absolutely  every 
job  in  his  shop  was  done  by  the  piece.  When  the  price  could  not 
be  placed  on  the  work  to  be  done  it  was  placed  on  the  "  heat." 
Perhaps  it  may  not  always  be  possible  to  do  this  in  the  machine 
shop,  but  whenever  the  opportunity  arises  to  consider  the  mode  of 
payment  it  should  always  be  in  order  to  ask:  Is  Anything  the  Mat- 
ter with  Piece  Work? 

DISCUSSION. 

Mr.  Harrington  Emerson. — Just  two  years  ago  I  was  fortunate 
enough  to  have  Mr.  F.  W.  Taylor  explain  to  me  his  principles 
of  shop  directions,  and  the  results  that  he  had  obtained.  It  is 
Mr.  Taylor's  great  merit  that  he  first  applied  these  principles 
to  machine  shops,  but  they  are  as  old  as  humanity,  and  consist 
in  setting  a  definite  task,  in  directing  its  execution  and  in  appor- 
tioning the  reward  according  to  the  deed.  Thirty  years  ago  I 
made  my  first  acquaintance  with  these  methods  in  the  strictest 
of  strict  German  schools,  where  we  were  put  under  functional 
teachers,  ten  or  twelve  different  men  each  day,  where  we  were 
allotted  to  the  particular  classes  for  which  our  uneven  attain- 
ments fitted  us :  one  boy  in  the  highest  English  and  lowest  mathe- 
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matics,  his  twin  brother  perhaps  in  highest  mathematics  and 
medium  Knglish,  wliere  our  uiethods,  books,  appliances,  hours 
were  strictly  phmncd  for  us,  our  tasks  set  up  to  the  full  limit  of 
our  capacity,  and  where  we  were  rewarded  as  individuals,  not  as 
members  of  a  class.  In  the  middle  of  the  term  a  boy  might  be 
either  promoted  or  debased,  yet  it  w^as  open  to  each  to  secure  the 
same  highest  marks,  and  with  the  marks  much-prized  rewards 
and  special  ])rivileges. 

The  results  in  that  school  were  astonishing.  The  great 
iviajority  of  the  boys  learned  more  in  eighteen  months  than  other 
schools  could  teach  in  four  years,  because  there  was  no  waste 
time,  no  waste  process,  no  waste  effort;  it  was  time  unit  study, 
functional  foremanship  and  differential  piece  work. 

At  our  meeting  in  Saratoga  this  year,  Mr.  Taylor  presented 
in  printed  form  a  full  stat€ment  of  his  fundamental  principles, 
and,  in  my  estimation,  it  wdll  be  many  years  before  anything  of 
more  than  detail  value  can  be  added  to  his  w^ork.  My  copy  of 
his  book  is  worn  out  with  thumbing  of  the  leaves,  and  marking 
of  important  passages.  I  discovered  that  it  would  have  been 
easier  to  mark  the  few  sentences  here  and  there  that  were  not 
of  prime  importance ;  yet,  for  our  fellow-member,  Mr.  Frank 
Ivichards,  it  is  as  if  Mr.  Taylor's  work  had  never  been  made 
public. 

What  is  the  matter  with,  piece  work?  Everything  is  the 
matter  with  it.  It  is  a  lazy,  haphazard  method  of  shifting 
responsibility  and  direction  from  employer  to  employee.  It 
works  for  deception  in  the  latter,  and  gives  us  a  long  string  of 
broken  promises  from  the  former;  it  is  hated  and  opposed  by 
the  unions,  and  with  reason ;  it  brought  on  the  great  Union 
Pacific  strike  last  year,  which  is  not  yet  finally  settled.  Piece 
work  makes  no  provision  for  justice,  and  any  system  is  wrong 
that  is  not  })ased  on  justice.  In  some  of  the  great  Burlington 
.sho[)s  "  Novo  "  and  other  modern  steels  have  been  introduced, 
doubling  the  output  of  the  workman  without  extra  effort  on  his 
part,  yet  the  superintendent  of  motive  power  told  me  that  piece 
v.ork  rates  would  not  be  changed,  and  in  the  Union  Pacific  shops 
men  came  and  asked  the  privilege  of  paying  for  their  own  modern 
tools  if  j)icco  rates  would  be  left  unaltered. 

'J  he  fundamental  trouble  with  piece  work,  in  addition  to  its 
lack  of  justice,  is  that  it  makes  the  workman  sell  what  is  not  his 
to  sell,  namely,  OUTPUT.     When  Mr.  J.  J.   liill  formulated 
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his  famous  principle  that  railroad  expenses  were  hj  the  train  mile 
and  receipts  by  the  ton  mile,  neither  his  train  crews  nor  himself 
ever  dreamed  of  putting  the  paj  of  the  men  on  a  tonnage  basis. 
The  engineer  who  hauls  sixty  80,000-pound  cars  w4th  a  hundred- 
ton  engine  gets  no  more  than  the  engineer  who  obeys  orders, 
standing  for  hours  on  a  side  track.  The  engineer  sells  his  time, 
his  skill,  his  intelligence,  his  obedience,  but  never  output,  because 
that  depends  on  conditions  over  which  he  has  no  control;  and  it 
has  always  been  a  w^onder  to  me  that  railroads  which  mana2:e 
their  train  problems  should  be  so  backward  in  their  machine- 
shop  practices  and  methods. 

'  What  the  employe  sells,  Avhether  in  office  or  shop,  is  not  his 
"  output,''  but  primarily  his  time  and  his  skill,  incidentally  his 
intelligence  and  his  obedience. 

That  many  shops  pay  by  piece  work  is  no  argument  in  favor 
of  the  plan,  since  more  shops  pay  by  day  work;  and,  as  Mr. 
Earth  in  his  slide  rule  paper,  presented  at  this  meeting,  only  too 
moderately  remarks,  the  usual  way  of  running  a  machine  shop 
appears  little  less  than  absurd. 

The  experiences  of  Mr.  Taylor,  Mr.  Gantt,  Messrs.  Dodge  and 
Day,  Mr.  Earth,  myself  and  Mr.  Parkhurst,  who  have  carefully 
studied  the  output  and  results  in  innumerable  machine  shops, 
prove  that  the  wastes  going  on  are  more  than  absurd.  As  an 
example  of  old  practice  against  new,  I  hold  in  my  hands  the 
original  figures  of  the  skilled  and  competent  engineer  of  a  large 
shop,  who  estimated  the  cost  of  a  certain  job  at  $4,575,  of  which 
$3,300  for  materials  and  $1,275  for  labor.  The  work  came 
under  my  direction  after  it  was  one-third  completed,  and  was 
pulled  off  with  four  men  in  three  months  for  a  total  cost  of 
$3,375.09,  of  which  $622.79  for  labor,  netting  a  profit  of 
$1,824.91,  instead  of  $629,  as  estimated — nearly  three  for  one, 
yet  some  of  the  men  on  that  job  were  paid  a  bonus  of  nearly 
100  per  cent,  above  their  regailar  wages.  I  also  hold  a  routing- 
card  of  one  of  my  assistants,  Mr.  Parkhurst,  in  which  a  car  shop 
job,  marking  and  moving  200  pieces  of  oak,  was  estimated  by 
the  foreman  to  require  two  days,  but  was  actually  completed  in 
2  hours,  25  minutes  on  a  50  per  cent,  bonus  basis.  This  is  what 
Mr.  Taylor's  methods  will  do  when  applied  to  a"n  old  time  shop. 

In  planning  jobs  of  this  kind  we  pay  no  attention  to  what 
has  or  is  being  done.  Former  practices  have  absolutely  no  inter- 
est for  us.     We  figure  out  the  time  the  job  ought  to  take  under 
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oxistinc:  foiulitions,  and  wc  pay  tlio  man  a  generous  bonus,  which 
must  Ih'  enough  to  call  out  the  best  that  is  in  him.  If  the  con- 
ilitions  appertaining  to  the  job  are  ehanged,  either  for  better  or 
worse,  we  again  (h'teruiine  the  mininiuni  times  and  pay  the  man 
a  Ix^nus  for  Iiis  eooi)eration.  These  ilhistrations  show  that 
ast4Uinding  results  foHow  the  ])hins  Mr.  Eichards  condemns 
without  un<hTstanding  them,  and  that  there  is  no  argument  what- 
ever in  ap]>ealing  to  present  practices. 

Mr.  Kiehards's  diagrams  and  his  reasoning  and  conclusions  are 
erroneous,  because  he  bases  them  on  output,  which  does  not 
properly  enter  into  the  nuitter  at  all,  as  diagrams  based  on  time 
instantly  s1k)\v. 

I  assume  in  all  cases  wages  of  25  cents  an  hour,  a  usual  time 
8  hours  for  a  given  job,  a  slow  time  of  10  hours,  a  fair  time  of 
6  hours,  a  piece  work  time  of  5  hours,  a  Taylor  bonus  time  of 
3  hours.  Time,  days,  hours,  minutes — in  this  case  hours — are 
measured  on  horizontal  lines,  wages  by  the  week,  day,  hour  or 
minute — in  this  case  hour  by  the  hour — are  measured  vertically. 


Diagram  1.     Day  Wokk. 
(a)  filow  day,  (b)  average,  (c)  fast  day  undier  good  foreman. 

a. 


10  ITours 


Normal  co«t.   8  houre  to  employer.  |2.00  ;  wages  per  Lour,  25  cents. 
Slow  10     "       "  .«  2.50-       "        "       "       25      " 

I»w  i;  ..  J  50;       "        -       "       25      " 

The  emi.loyer  makes  all  the  gain  or  loss.  He  is  stimulated  to 
gofxl  foremanship  and  better  erpiipment,  but  the  constant  tend- 
ency 18  to  deterioration. 
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Diagram  2. — Piece  Work. 


0  2 

Emcraon  H. 


10  Hours 


Piece  work  cost  at  6  liours,  $1.50  ;  wages  per  hour,  .25  cents. 

1.50;       "         "       "       .1875  cents. 
"  4      "        1.50  ;       "         "       "       .375 


<  <  it      '  <      < ( 


a  ( < 


This  is  exactly  the  reverse  of  day  work.  The  employe  makes 
all  the  gain  or  loss,  and  is  afraid  to  cut  time  for  fear  wages  will 
be  cut. 

Diagram  3. — Halsey  Premium. 


-2.00 


1.00  o 


10  Hours 


Emerton  U, 


Cost  to  employer  at  10  hours,  $2.50 
"     "  "        "     8      "        2.00 

"     "  "         "     6      "        1.75 


wages  per  hour,  .  25  cents. 
"      "       .25      " 

II  a        '<  9Q        <( 

"      ♦'       .37.5  " 
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T\\v  chief  merit  of  this  plan  is  that  it  obviates  the  necessity 
for  ehaiiire  in  piece  rates.  It  lias  worked  a(huirably  in  certain 
sho}>s,  steeriiiiT  a  lialf-way  course  between  the  injustice  of  day 
work  and  of  piece  work,  but  it  is  not  iitted  to  cope  with  the  un- 
ox|HH'tcd.  If  there  are  no  improvements  by  the  employer  there 
is  no  reason  why  the  empk^ye  should  not  get  in  full  the  increased 
result  due  to  his  greater  diligence  and  skill,  but  if  improvement 
is  due  to  the  t*mj)loyer's  better  equipment  there  is  no  justice  in 
giving  tlie  employe  any  i)art  of  it. 


Diagram  4.— Taylor  Differential  Piece. 


-2.00 


41.00  o 


10  Hours 


fV)vt  to  employer  at  3  hours,  |1.50  ;  wages  per  hour,  .50  cents. 
"  2      "        1.50;       "       *'       "       .75       " 


If  employe  habitually  falls  below  three  hours  he  is  not  wanted. 

Here,  for  the  first  time,  attention  is  concentrated  on  the 
reasonable  maximum  of  production  and  the  reward  made  pro- 
IK>rtionately  great.  A'ot  only  is  there  no  attempt  made  to  cut 
piece  work  prices,  Init  the  reward  is  withheld  unless  the  maximum 
IB  done.  The  great  difference  between  this  and  ordinary  piece 
work  it4  that  Mr.  Taylor  demands  the  ])ayment  of  a  high  premium, 
often  100  fx-r  cent.,  a  figure  that  would  frighten  most  employers, 
in  r,rr|er  to  effect  maximum  reduction  in  cost.  If  the  employer 
introilureH  improvements,  times  are  with  justice  shortened  but 
not  the  premium  [H-r  hour;  if  e(piipuient  det(;riorates  times  must 
U?  lengtliened  but  the  same  premium  be  paid  per  hour. 
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Diagram  5. — Gantt  Bonus. 


0 

Smerton  H, 


Fig.  14. 


1.005 


10  Hours 


Cost  to  employer  at  6  hours,  $1 .50  ;  wages  per  hour,  .25  cents. 
"     "  "         "  3      "         1.50;        "       "       "       .50     " 

„     ..  ,.         a  2      "        1.25  ;        "        ••       "       .625  " 


The  difference  between  the  Taylor  and  Gantt  plans  is  that 
the  former  pays  by  the  piece  finished  in  a  definite  time,  while 
the  latter  pays  by  the  definite  time  for  a  completed  job,  and  pays 
Ihe  bonus,  not  for  the  piece,  but  for  following  instructions. 

Mr.  Gantt  does  not  admit  that  under  his  system  the  work- 
man could  better  the  time  set  and  therefore  objects  to  the  sup- 
position of  two  hours,  on  a  three-hour  job;  but  I  extend  the 
diagram  theoretically  in  order  to  show  the  difference  between 
Taylor  and  Gantt.     Taylor  is  more  severe  and  more  generous. 

After  careful  study  of  the  Taylor  and  Gantt  diagrams,  Mr. 
Parkhurst  and  myself,  adhering  absolutely  to  the  Taylor  and 
Gantt  theory  of  time  unit  study  and  specific  directions  of  all 
operations,  have  used  other  diagrams,  less  severe  than  Taylor 
and  Gantt,  and  permitting  us  in  an  old  shop,  where  tool,  machine 
and  labor  conditions  are  not  modern,  to  keep  the  ideal  always 
in  view,  yet  we  reward  any  gain  shown  by  the  workman.  We 
determine  with  all  the  skill  at  our  command  the  time  a  job 
should  take,  and  adopt  the  Taylor  line,  based  however  on  time 
and  not  on  piece,  and  then  run  back  to  the  day  line. 
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DiAORAM  6— Emerson  Parabolic. 
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The  essential  diHerence  between  these  diagrams  and  the  Hal- 
sey  premium  line  is  not  that  they  are  curved  and  it  is  straight, 
but  that  it  begins  with  an  accurate  and  probably  justly  deter- 
mined rate  and  drifts  mathematically,  but  not  scientifically,  into 
space. 

Mr.  Parkhurst  and  myself  begin  with  the  scientific  maximum 
of  output  and  reward  for  endeavor,  and,  as  a  mere  matter  of  shop 
convenience  curve  backwards  to  the  day  rate  line.  There  is  no 
special  merit  in  the  parabola  or  in  the  straight  line;  other  lines 
might  answer  practically  as  well.  The  main  point  is  that  a 
little  improvement  gets  a  little  taste  of  reward,  and  a  big  im- 
provement gets  a  great  big  reward. 

When  all  conditions  are  properly  under  control,  I  much  prefer 
the  Taylor  diagram  based  on  time.  There  is  something  inspirit- 
ing in  working  out  a  minimum  time,  in  knowing  that  it  can  be 
made  with  the  regularity  that  a  train  makes  its  fast  schedule, 
in  proving  it,  in  stimulating  the  workman  to  it ;  but  it  is  equally 
discouraging  to  workman,  to  expert  and  to  employer  to  be  wrecked 
in  full  flight  by  hard  iron  from  the  foundry,  by  variable  speed 
in  the  engine,  by  broken  belt  on  main  shaft,  by  any  unforeseen 
and  unforeseeable  delav,  and  in  such  cases  the  curve  back  to 
day  rate  prevents  much  trouble. 

In  all  these  diagrams,  except  day  rate,  the  employe  is  bene- 
fitted by  reduction  in  time ;  in  all  these  diagrams,  except  piece 
work,  the  employer  is  benefitted  by  reduction  in  time,  and  reward 
for  reduction  in  time  is  apportioned  exactly  as  it  should  be,  only 
by  the  Taylor  method  and  its  modifications. 

The  employer  must  pay  big  bonuses  or  he  cannot  get  results. 
He  can  afford  to  pay  big  bonuses,  for  even  if  he  gives  all  the 
gain  in  time  to  the  employe  he  makes  on  increased  efficiency  of 
plant  and  diminished  overcharges. 

Where,  in  all  these  lines  and  curves,  when  based  on  time,  is 
there  any  support  for  Mr.  Richards's  contention  that  they  cannot 
be  effective  because,  as  he  claims,  they  offer  a  reduced  incentive 
at  the  precise  time  when  the  need  of  incentive  is  most  urgent. 
Exactly  the  contrary  is  true.  They  all  of  them  offer,  just  as 
piece  work  does,  ever  increasing  pay,  which,  if  pushed  to  the 
theoretical  limit,  would  reduce  costs  to  almost  nothing,  and  give 
the  employe  an  infinitely  large  sum  per  day. 

Mr.  R.  G.  Schnehle. — In  answer  to  the  author's  question  I  may 
add  my  experience,  and  say  emphatically:  "  IN'othing." 
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The  troubles  lioretoforo  attributed  to  piece  work  are  really 
not  inherent  to  the  system,  but  to  those  who  used  the  system, 
thev  are  the  results  of  i<z:n<»i'iinee,  earelessuess  and  cupidity. 

lmj>roper  rati's  are  th(^  result  of  iiiiiorauce  or  carelessness. 
Wlu-n  an  operation  or  a  series  of  operations  are  carefully  an- 
alyzed by  a  iHM-son  whose  knowledge  (pialifies  him,  there  is  rarely 
anv  trouble  after  the  em})loyees  are  impressed  wdth  the  fact  that 
fair  wages  may  be  earned  at  the  rate  fixed.  The  difficulty  here- 
tofore has  been  that  rates  were  carelessly  made,  and  such  a  rate 
is  nearly  always  liigh,  and  soon  leads  to  restriction  of  output  or 
excites  the  cujndity  of  his  employers,  the  inevitable  in  either 
case  l>eing  rate  cutting  and  strikes. 

It  is  nnich  the  same  qualifications  that  keeps  it  out  of  at  least 
oue-half  of  the  shops  of  this  country.  The  cupidity  of  employ- 
ers who  have  risen  from  small  beginnings,  who  in  their  begin- 
ning were  able  to  hold  all  the  details  in  their  own  heads,  add 
one  fttreman  after  another  from  the  ranks,  or  from  (which  is 
worse)  the  family.  It  is  impossible  to  recruit  the  necessary  abil- 
ity from  such  material.  They  absolutely  refuse  to  pay  for  this 
abih'ty,  and  all  system  (<r  work  done  that  cannot  be  written  down 
on  a  customer's  bill  is  wasted. 

I  see  nc»thing  in  the  Premium  plan  nor  the  Bonus  plan,  for  if 
projK'r  care  is  exercised  in  setting  the  time  limits,  a  price  might 
as  well  l>e  set  at  once.  'Tis  a  sugar  coating  to  fool  the  work- 
man, or  at  best  a  stepping-stone  toward  piece  work.  In  the 
Kowan  system  there  is  a  corrective  applied  for  excessive  time 
limits  (equals  piece  price).  However,  in  the  Rowan  works  the 
time  limits  are  never  changed  (if  I  understand  rightly),  no  matter 
if  methfxls  or  machinery  are  improved. 

T  most  heartily  endorse  the  paper  of  Mr.  Eichards.  I  might 
jidd  that  in  handling  odd  work  in  a  piece-work  shop  I  found  it 
convenient  to  adopt  what  we  termed  an  "  excursion  rate  ''  good 
for  this  day  and  date  only,  until  such  time  when  the  work  became 
re^nilar  and  it  was  possible  to  set  a  stable  price. 

J/r.  (iantt. — With  regard  to  Air.  Emerson's  statement  that  I 
wa«  uot  herious  when  1  sugg(?sted  that  when  a  w^orkman  did 
UXUr  tlian  his  instructions  called  for  he  should  be  made  in- 
.Htnictor,  1  have  to  say  that  I  was  quite  serious,  and  as  a  matter 
'»f  fact  one  of  f1.<.  1.<..t  instructors  I  know  w^as  discovered  just 
that  way. 

Mr.    I  ichards'   suggestion   with   regard    to    the    West    Albany 
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shops  is  quite  in  order,  and  the  superintendent  of  those  shops 
is  quite  in  accord  with  him;  so  much  so  indeed  that  he  has 
strongly  recommended  that  this  work  be  begun  there  as  soon  as 
possible.  The  knowledge  of  Avhat  has  been  done  in  Schenectady 
is  the  reason  for  his  action,  which  is  seconded  by  some  of  his 
foremen  who  know^  the  foremen  at  Schenectady. 

Mr.  Oherlin  Smith. — There  is  one  feature  in  all  this  discus- 
sion which  needs  to  be  gone  into  further.  Everything  that  has 
been  said  seems  to  apply  to  manufacturing  shops,  ^ow  we 
must  differentiate  between  these  and  the  most  primitive  kind  of 
a  shop,  the  jobbing  shop,  which  is  simply  used  for  making  odd 
things  for  people  and  for  doing  repairs.  Therein  we  cannot  well 
have  anything  much  better  than  ^'  day  work."  For  this  we  must 
haA^e  the  right  kind  of  a  foreman  and  the  right  kind  of  work- 
men, specialists  in  their  line.  Now^  at  the  other  end  of  the 
series,  is  a  manufacturing  shop  where  hundreds  and  thousands  of 
things  are  all  made  exactly  alike ;  or,  at  least,  there  are  various 
component  parts  of  them  made  alike.  Therein  systems  of 
'^  piece  "  work  or  "  premium ''  work  or  ^'  bonus  "  pay  are,  of 
course,  applicable,  and  they  seem  to  have  been  thought  out  and 
developed  especially  v:ith  reference  to  such  shops.  But  there 
is  an  intermediate  kind  of  shop,  and  probably  the  great  majority 
of  our  machine  shops  are  of  this  class,  whether  you  call  it  mongrel 
or  hennaphrodite,  or  w^hat  not ;  semi-manufacturing  would  per- 
haps be  a  good  name  for  it.  It  has  chanced  that  my  experience 
has  been  mostly  in  a  shop  of  this  kind.  Our  product  is  presses 
and  dies  for  working  bar  and  sheet  metals.  The  dies  are  almost 
all  different;  they  have  to  be  w^orked  on  the  jobbing  shop  plan 
in  a  department  by  themselves,  and  it  would  be  very  difficult  to 
apply  any  ''  piece  ''  or  "  premium "  system  to  the  w^ork  upon 
them.  In  our  other  department  we  make  about  five  hundred 
different  kinds  and  sizes  of  presses.  In  consequence  of  making 
so  many  kinds  in  a  comparatively  small  shop,  employing  from 
150  to  200  workmen,  it  has  seemed  very  difficult  to  put  in  prac- 
tice any  of  plans  of  payment  in  quccition. 

Doubtless  some  of  the  gentlemen  here  have  had  experience  in 
shops  of  this  kind  and  have  tested  these  improved  methods  of 
payment.  The  larger  parts  of  our  machines,  such  as  the  frames, 
and  the  component  parts  of  such  frames  as  are  of  built-up  con- 
struction must,  on  the  larger  sizes,  be  made  only  one  at  a  time, 
as  some  certain  kind  of  machine  may  perhaps  be  ordered  only 
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once  in  a  yoar  or  two.  Of  cunir^o,  very  few  of  the  pieces  are 
made  alike  ami  cannot  be  made  up  in  stock  to  much  extent. 
Other  more  standanl  kinds  aro  niado  u])  in  batches  of  ten.  We 
must,  therefore,  consider  tliini>s  Avliicli  are  made  in  batches  of 
from  one  to  ten  on  tlic  larocr  ])ieccs,  and,  we  will  say,  from  one 
to  fifty  on  the  small  ])ieces.  I  have  tried  the  premium  plan 
and  tlie  ])iece  work  j>lan  a  litth^  but  generally  we  had  to  fall 
back  on  the  old  day-work  systcMu  on  account  of  the  great  amount 
of  b<K>kkeeping  involved. 

When  we  try  to  nianufa(*ture  strictly,  Ave  are  handicapped  by 
the  snuill  batches.  P'urthermore,  we  are  much  bothered  when 
customers  require  modifications  and  insist  that  a  casting  must 
be  altered;  sometimes  they  merely  want  changes  in  the  way  of 
e<|uipping  with  attachments  often  varying  in  design.  Xow,  with 
all  these  complications  how  far  can  Ave  apply  any  of  the  ncAV 
systems  ? 

In  reganl  to  the  relative  merits  of  the  '^  piece  Avork  ''  and  the 
**  premium  "  j)lan,  I  do  not  feel  competent  to  speak.  Of  course, 
we  are  all  liable  to  meet  the  difficulties  involved  in  the  labor 
problem.  The  '*  walking  delegate  "  has  fixed  upon  the  term 
*•  piece  work  '^  a  big  black  mark.  After  he  found  something 
was  being  done  to  get  around  him  on  that,  he  put  another  black 
mark  over  the  word  "  premium,"  and  then  "  bonus  "  came  under 
the  ban.  Labor,  hoAvever,  is  gradually  being  educated  in  eco- 
nomics and  will,  I  believe,  become  more  sensible.  We  must 
help  it  to  learn,  and  must  sometimes  meet  it  part  Avay — remem- 
Ix-ring  that  there  are  two  sides  to  every  question. 

Mr,  E.  P.  Bates. — I  think  ^Ir.  Emerson  has  left  an  impres- 
sion that  he  would  not  care  to  have  remain  Avith  us.  As  I 
undorstfKid  him,  where  a  price  Avas  made  for  piece  Avork  and  the 
mechanic  did  the  Avork  (piicker  than  Avas  expected,  the  profit  all 
went  to  the  mechanic,  and  where  lie  did  it  sloAver  the  loss  Avent 
to  the  mechanic.  .My  exj)erience  is  that  it  may  cost  from  fifty 
cents  U>  two  dollars  a  day  to  fnrnish  this  mc^chanic  Avith  tools 
and  suiK-rintemlence,  including  all  the  items  Avhich  go  to  making 
the  cost  of  oiK-rating  a  plant,  and  I  think  that  the  operator  of 
the  plant  w  quite  as  much  interested  as  is  the  mechanic  in  regard 
to  time,  and  that  the  loss  or  the  gain  comes  to  the  OAvner  of  the 
plant  fully  as  much  as  to  the  Avorking  man. 

Mr.  Kmprson. —Of  course,  the  gentleman  understands  that  I 
did  iw.t  r.u\  my  paper  in  full;  1  abrirlged  it  very  much,  but  if 
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YOU  read  it  when  published  in  the  Transactions  of  the  Society, 
you  will  find  this  statement  in  it : 

"  The  employer  must  pay  big  bonuses,  or  he  cannot  get  results. 
lie  can  afford  to  pay  big  bonuses,  for  even  if  he  gives  all  the  gain 
m  time  to  the  employe  he  makes  on  increased  efficiency  of  plaint 
and  diminished  overcharges." 

Mr.  Taylor. — At  the  risk  of  being  prosy,  and  always  coming 
up  with  some  old  remark  every  time  this  subject  is  before  the 
Society,  I  want  to  say  again  that  I  think  there  is  no  real  quarrel 
between  any  of  the  systems  of  payment  in  common  use.  It  is  a 
curious  phenomenon  that  there  are  certain  men  who  seem  to 
wish  to  attach  their  names  to  some  one  comparatively  small  and 
unimportant  element  in  management.  They  appear  to  be  unable 
to  see  anything  else  in  the  whole  line  of  management  except  their 
one  chosen  element  and  attempt  to  convince  themselves  and 
every  one  else  that  this  is  the  whole  art  of  management.  Appar- 
ently Mr.  Richards  looks  upon  piece  work  as  the  whole  of  this 
art.  I  have  not  heard  that  he  has  been  able  to  see  any  good  in 
any  other  element. 

Xow,  I  wish  again  to  say  what  most  of  you  have  heard  a  num- 
ber of  times,  but  perhaps  some  have  not  yet  heard  it,  that  to  my 
mind  there  is  no  quarrel  between  the  various  systems  of  paying 
men  which  are  in  common  use.  I  think  each  of  these  systems 
has  its  proper  place;  at  least  four  of  them  can  properly  be  used 
in  the  same  shop  and  at  the  same  time,  pro\dding  the  shop  is 
large  enough.  Every  large  machine  shop  in  the  country  should 
have,  I  should  say,  not  less  than  four  systems  of  payment  going 
on  at  once  in  order  to  do  the  work  in  the  most  economical  man- 
ner. There  cannot  be  any  quarrel,  then,  between  "  day  work  " 
and  '^  piece  work "  and  Mr.  Gantt's  ''  bonus  plan "  and  the 
"  differential  rate  system  "  of  piece  work  since,  as  I  pointed  out 
in  my  paper  on  shop  management  last  spring,  each  plan  has  its 
own  individual  field  of  usefulness;  and  I  feel  convinced  that  each 
one  has  a  field  that  it  is  impossible  for  either  the  other  systems 
to  entirely  fill.  And  again,  outside  of  these  plans  I  feel  that  the 
Towne-Halsey  plan  has  a  large  field  of  usefulness,  Mr.  Richards 
to  the  contrary  notwithstanding. 

But  back  of  all  systems  of  paying  men  and  underneath  'them 
all,  and  of  vastly  more  importance  than  any  system  of  paying 
men,  lies  the  true  remedy  for  the  fundamental  difficulty  between 
the  managers  and  their  workmen.      The    great    difficulty  that 
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presents  itself  is  ilint  in  most  cases  iioitlier  the  one  nor  the  other 
know  aeeiiratrlv  how  iiiiu'h  of  anv  given  work  a  good  man  can 
and  ought  to  do  in  a  dav.  It  is  only  in  rare  cases  that  either  the 
managers  or  tlie  men  know  what  really  constitutes  a  day's  work. 
Ami  what  I  feel  absolutely  sure  of  and  wish  again  to  emphasize 
is  that  the  oidy  ])roi)er  solution  of  the  wages  question,  both  as  to 
the  svstem  for  paying  men  to  be  employed  and  the  compensation 
to  Ih'  paid,  lies  in  a  scientific  study  of  how  much  each  man  can 
do  ami  ought  to  do;  wliat  a  really  first-class  man  properly  suited 
to  his  work  can  do  if  he  wishes  to  and  if  he  has  the  proper 
ajjpliancfs.  It  is  this  study  that  is  so  much  more  important  than 
the  adoption  of  any  one  system  of  paying  men,  that  by  com- 
parison the  differences  between  the  latter  sink  into  insignificance. 

After  the  owner  or  manager  is  in  possession  of  the  exact 
knowhMJge  of  how  long  it  ought  to  take  to  do  the  work,  even  the 
day  work  plan,  which  in  many  cases  is  perhaps  the  least  satis- 
factory method,  will  produce  much  better  results  than  any  of 
the  other  systems  without  this  knowledge.  Of  course,  with  the 
knowledge  there  is  a  choice,  and  each  one  of  the  four  systems 
lias  its  proper  place  in  every  shop. 

Mr.  Sipphen  W.  Balhwill. — With  regard  to  Mr.  Smith's 
remarks  about  cost,  it  seems  to  me  that  he  brought  out 
some  ideas  th'at  are  worthy  of  consideration  which  come  more 
into  actual  shop  practice,  except  where  the  factory  manufactures 
a  sj)erialty  and  makes  nothing  but  repetition  work  which  does 
not  re(piire  any  change  of  machines.  Take,  for  instance,  an 
article  of  which  ten  pieces  would  be  required  at  one  time  and 
a  thousand  at  another  time.  It  is  quite  obvious  that  the  machine 
to  be  used  takes  a  definite  amount  of  time  to  alter,  for  it  is  sup- 
I)osod  that  each  of  the  ten  pieces  must  be  as  accurately  made  as 
any  of  the  tliousand,  and  the  machine  must  therefore  be  as 
arcuratc'ly  adjusted  in  either  case  and  therefore  makes  the  cost 
of  proibictifin  ju-r  piece  of  the  f(;wer  number  of  pieces  a  great 
oeal  highf^r  than  that  of  the  greater  number  on  account  of  hav- 
ing the  same  common  fixed  expenses. 

JCegarding  .Mr.  Kichards's  remarks  about  the  young  man  whom 
lie  referred  to  as  l)oring  tires,  would  say  that  this  is  a  remarkable 
jierformanee  presuming  it  is  on  a  single  niachim!  and  paid  for 
by  the  day  which  does  not  seem  to  leave  nmch  room  for  improve- 
ment on  the  piece  work  basis.  Referring  to  the  statement  about 
the  scarcity  of  good  foremen  and  the  best  manner  of  getting 
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good  results  in  that  direction,  I  agree  with  the  gentleman  that 
as  a  general  proposition  they  are  not  well  enough  paid  for  what 
is  required  of  them,  and  if  sufficient  inducement  is  held  out  a 
good  foreman  can  be  had.  I  know  of  a  particular  case  where  a 
foreman  has  a  sub-foreman  under  him  who  has  charge  of  a  piece 
Avork  department,  and  although  not  as  intelligent,  jet  he  is  able 
to  earn  more  money  than  his  foreman,  which  does  not  seem 
equitable  nor  liable  to  contribute  to  the  good  feeling  of  the 
foreman. 

Mr.  E.  F.  DuBrid. — I  wish  to  dwell  a  little  on  a  thought 
brought  forward  by  Mr.  Oberlin  Smith.  In  this  discussion  he 
has  brought  up  the  question  of  the  opposition  of  the  labor  unions 
to  "  piece  work  "  and  other  methods  of  '^  Shop  Management.'' 
Papers  on  ^^  Shop  Management "  very  frequently  state  that  no 
serious  difficulty  is  encountered  from  the  workmen  w^hen  such 
■systems  are  installed.  I  should  like  to  know  whether  this  is  a 
general  rule  in  foundries.  I  have  heard  of  considerable  opposi- 
tion on  the  part  of  moulders  to  the  introduction  of  any  other 
system  but  straight  ^'  day  work."  I  have  not  heard  of  many 
foundries  running  anything  but  straight  "  day  work  "  or  straight 
''  piece  work,"  and  under  both  conditions  of  ^^  day  work "  or 
"  piece  work/'  I  am  informed  that  there  is  a  A^ery  widespread 
disposition  on  the  part  of  moulders  to  limit  production  and  hold 
down  output. 

Coming  to  the  machine  shops  we  find  that  the  last  Convention 
of  the  Machinists'  Union  adopted  a  resolution  declaring  for  the 
abolition  of  anything  excepting  straight  ^^  go-as-you-please  day 
work,"  w4th  no  tasks  set,  no  premiums,  bonuses,  '^  piece  work," 
or  anything  of  the  sort.  How  many  here  are  familiar  wdth  that 
promulgation?  If  this  fiat  is  to  go  into  effect,  we  must  certainly 
reckon  with  the  Union  as  an  element  in  the  problem.  The 
Anthracite  Coal  Strike  Commission  well  says  that:  Trades 
unionism  is  becoming  a  matter  of  business  and  that  employer 
v/ho  fails  to  reckon  with  it  as  an  element  of  his  business  makes  a 
serious  mistake  and  one  which  he  will  have  to  correct  sooner  or 
later. 

Perhaps  business  conditions  next  year  will  make  inadvisable  the 
proposed  movement  to  abolish  "  piece  work."  Coming  events 
casting  their  shadows  before  appear  in  the  two  strikes  in  ^N'ew 
York  City  this  year,  mentioned  by  Mr.  Richards,  against  premium 
work.     I  happen  to   be   familiar  with   the   cause   of  those   two 
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strikes  ami  I  ran  assure  ^Ir.  Kichards  that  '^  piece  work/'  premium 
work  and  all  other  siuiilar  methods  look  alike  to  the  unions  in 
question,  and  that  the  strikes  Avould  have  occurred  against  ^'  piece 
work  "  just  as  much  as  premium  work.     Furthermore,  it  seems  to 
me  that  the  employers  in  question  would  have  had  more  difficulty 
in  tilling  their  sho})s  with  non-union  j)iece  workers  than  they  had 
to  till  them  with  non-union  premium  Avorkers,  because  even  a  non- 
union man  does  not  like  '*  piece  work  ''  over  much. 

I  do  not  believe  that  there  is  so  much  the  matter  with  ^^  piece 
work  ''  as  there  is  with  the  men  who  are  trying  to  establish  it  in 
their  shoi)s.     The  greatest  difficulty  is  with  the  managers  who 
*'  know  not  Jacob.''     I  had  occasion  to  deal  with  such  a  case  not 
over  two  weeks  ago.     As  you  may  all  know,  premium  work  is  very 
largely  and  very  firmly  established  in  the  shops  in  Cincinnati 
and  by  general  consent  of  the  Associated  Manufacturers  in  that 
city  the  rule  is  that  once  a  time  limit  is  established  it  shall  not 
be  cut  unless  a  change  has  been  made  in  the  methods  of  produc- 
tion.    A  certain  shop  had  a  new  superintendent,  one  of  the  kind 
who  *'  knew  not    Jacob,"  who    had    never    operated  a  premium 
system  before  and  who  thought  to  make  a  showing  for  himself 
with  his  employers  by  cutting  down  a  time  limit  on  a  very  efficient 
workman,  who  did  a  sixty-hour  job  in  eighteen  hours.     Those  of 
you  who  are  familiar  witli  the  premium  or  other  similar  system 
will  not  question  the  statement  that  such  reductions  of  time  are 
common  on  the  part  of  workmen,  and  the  great  difference  is  very 
largely  because  the  men  setting  the  time  limits,  while  they  may 
have  a  guide  as  to  how  long  a  job  used  to  take,  have  absolutely 
no  way  of  knowing  how  long  a  job  ought  to  take. 

The  matter  coming  to  my  attention,  it  became  my  duty  to  inter- 
view that  8ui)erintendent  and  show  him  the  error  of  his  way.     His 
cut  of  a  time  limit  was  in  violation  of  the  guarantee  that  had  been 
made  to  all  the  machinists  of  Cincinnati  by  the  Associated  Manu- 
facturers, and  his  cut  would  have  wrecked  the  system,  not  only  in 
IiIh  own  shop,  but  in  all  the  others.     If  his  ideas  had  been  carried 
out,  the  result  would  have  been  a  rejuvenation  of  the  Walking 
Delegate,  with  whom  we  have  not  been  bothered  for  some  years, 
and  1  am  Horry  to  say  that  it  took  (piite  a  while  and  much  vigorous 
h  .»rne  of  which  was  unfit  for  publication,  to  demonstrate 

to  ......  -..j.*rintcnd('nt  the  inadvisability  and  injustice  of  his  pro- 

po^cA  a(!tion. 

*•  I  he  matter  with  piece  work  ''  is  in  my  judgment  principally 
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the  matter  with  the  employers  or  their  representatives,  who,  gen- 
erally through  ignorance  as  to  how  long  a  job  usually  takes  and 
occasionally  through  downright  ^^  hoggishness/'  have  brought 
''  piece  work  '^  into  a  disfavor  it  does  not  deserve.  Were  Ave  all 
better  informed,  and  did  Ave  all  put  piece  prices,  time  limits,  task 
AA'Ork  and  other  such  SA^stems  on  a  scientific  and  accurate  basis,  and 
once  so  based  did  Ave  guarantee  the  men  against  cuts  in  prices 
unless  general  reductions  in  day  rates  Avere  made,  I  belieA^e  that 
all  hostile  criticism  AA^ould  be  forcA^er  disarmed. 

In  the  meantime,  I  believe  that  Ave  should  all  keep  our  eyes 
on  the  union  end  of  the  proposition  of  "  Shop  Management," 
and  not  stumble  along  blindly  in  that  regard  any  more  than  Ave 
should  in. regard  to  setting  rates. 

Mr.  Smith. — I  Avanted  to  ask  Mr.  Taylor,  AAdien  he  spoke  of 
its  alAA'ays  being  practicable  to  find  out  the  cost  of  a  certain  job, 
Avhether  he  thinks  it  possible  to  get  at  such  cost  Avhere  only  one 
machine  is  fitted  up  in  a  year  and,  if  so,  how  he  does  it?  Of 
course,  if  it  is  turning  a  steel  shaft,  it  can  be  measured  and  the 
number  of  pounds  to  be  taken  off  in  chips  can  be  estimated ;  but 
suppose  it  is  an  irregular  casting  of  a  ncAv  pattern,  does  it  pay  to 
find  out,  or  can  it  be  found  out  from  the  experience  of  only 
having  one  to  make,  Avhat  the  cast  Avill  be  on  the  next  one  ? 

J/r.  Taylor. — I  think  the  best  ansAver  to  Mr.  Smith's  question 
AA^ill  be  found  in  Mr.  Earth's  paper,  AAdiich  Avill  be  presented  to 
the  Society  at  this  meeting.  Mr.  Earth  aa^II  shoAv  hoAV  an 
ordinary  mechanic  (AA'ith  the  aid  of  our  slide  rules)  can  deter- 
mine accurately  and  quickly  just  Avhat  combination  of  cutting 
speed  and  feed  should  be  used  in  any  particular  case  in  order 
to  do  the  Avork  in  the  quickest  time  on  any  giA^en  lathe  planer 
or  other  machine  tool,  and  in  finding  out  the  proper  cutting 
speed  and  feed  to  use  in  cutting  forgings  or  castings,  each  of  the 
folloAving  elements  Avhich  affect  the  ansAver  is  given  its  proper 
Aveight  through  its  oAvn  slide  on  the  slide  rule.  The  variable 
elements,  each  of  AAdiich  affects  the  answer,  are : 

1.  The  pulling  or  driving  poAver  of  the  machine. 

2.  The  strength  of  the  feed  mechanism  of  the  machine. 

3.  The  exact  coarseness  of  the  feed  AAdiich  can  best  be  used. 

4.  The  diameter  of  the  piece  to  be  turned. 

5.  The  thickness  of  the  layer  of  metal  to  be  remoA^ed  or  the 
proper  depth  of  cut  to  be  taken. 

6.  The  hardness  of  the  metal  AA^hich  is  being  cut ;  i.  e.,  whether 
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ra>i  irnn,  >ii'cl  or  brass,  and  the  exact  degree  of  hardness  of  the 
partieiilar  easting  or  forging. 

7.  The  shape  of  the  cutting  tool  and  its  size. 

8.  The  quality  of  the  tool  steel  from  which  the  tool  is  made, 
and  the  heat  tri'atnient  which  the  tool  has  received. 

\K  Whether  water,  oil,  air  blast  or  other  cooling  medium  is 
used  (»n  the  tool. 

It  is  evident  that  this  is  a  problem  which  is  exceedingly  diffi- 
cult to  solve.  And  the  fact  that  these  difficult  problems  are  now 
l»eing  daily  and  most  practically  and  rapidly  solved  by  the  ordi- 
nary mechanics  who  are  using  slide  rules  makes  it  evident  that 
it  is  a  comj)aratively  simple  matter  to  determine  the  time  re- 
(piired  to  do  the  remainder  of  the  work  of  running  a  machine, 
namely,  j)utting  the  work  into  the  machine,  taking  it  out  and 
adjusting  the  machine,  etc.  And  the  study  of  the  time  required 
to  do  this  hand  work  is  greatly  simplified  by  dividing  each  job 
into  its  simple  elements  and  then  timing  each  element  separately 
and  systematically  with  a  stop  watch.     Such,  for  instance,  as : 

Lifting  w<>rk  from  floor  to  machine. 

Putting  on  carrier.  , 

Adjusting  work  in  cliuck  or  on  centres. 

Calipering. 

Setting  tool,  etc. 

If  the  ''hand  work"  is  studied  by  single  simple  operations, 
in  this  way  it  will  be  found  that  the  entire  hand  work  of  a  shop 
can  be  resolved  into  comparatively  few  elements  which  can  be 
classified,  tabulated  and  readily  used  in  determining  the  proper 
time  for  doing  even  new  and  complicated  work. 

Mr.  tSmitli. — Does  that  include  the  rigging  and  the  unrigging 
of  the  to<jl.s? 

.\fr.  Taylor. — Yes;  it  takes  up  the  work  from  the  time  it 
leaves  the  floor  to  go  into  the  machine  until  it  comes  out  finished, 
and  it  includes  the  time  required  to  make  all  of  the  changes 
and  adju.->tments  in  the  machines.  The  observations  are  stop- 
watch observations,  carefully  taken  by  a  man  who  is  trained  to 
thi.s  bu*»iness.  IJ])  to  this  time  these  observations  have  been 
recorded  ancl  tabulated  on  loose  sheets  or  in  manuscript  books. 
I^ut  I  pre«lict  that  there  will  in  the  future  be  many  books  printed 
covering  in  each  trade  the  time  rerpiired  to  do  each  of  the 
elementary  operations  which  together  in  various  combinations 
make  up  the  entire  work  of  the  trade. 
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Mr.  John  C alder. ^ — In  Mr.  Richards^  paper  too  much  is 
made  of  the  identification  of  modern  management  advances  with 
])articiilar  men  and  methods,  and  he  appears  thereby  to  miss  the 
point. 

I  concur  most  heartily  wuth  Mr.  Emerson  in  his  praise  of  Mr. 
F.  W.^  Taylor's  paper  of  June  last,  which  I  believe  will  bear  its 
full  fruit  until  the  appearance  of  the  next  volume  of  the  Society's 
Proceedings. 

To  illustrate  the  point  on  which  issue  has  been  joined  with 
Mr.  Richards'  I  Avish  to  present  a  practical  problem  in  which 
straight  piece  work  is  maintained  producing  all  that  Mr.  Rich- 
ards claims  for  it,  and  a  great  deal  more,  through  expense  in- 
curred by  the  management  in  scientific  time  study  and  its  neces- 
sary accompaniments  of  betterment. 

Where  the  Taylor  system  of  management  and  labor  rew^ard 
has  replaced  straight  piece  jobs  in  manufacturing  concerns  doing 
nothing  else  at  machine  and  bench  but  large  quantities  of  light 
repetition  work,  we  have  an  instance  in  which  the  issues  between 
Mr.  Richards  and  his  critics  can  be  reconciled.  I  believe  that, 
in  such  circumstances,  if  the  true  time  is  scientifically  deter- 
mined  after  management  and  equipment  conditions  of  the  high- 
est efficiency  have  been  established,  it  does  not  matter  in  the 
least,  whether  (1)  a  large  reward  is  offered  for  the  daily  task, 

(2)  a  piece  rate  is  fixed  to  give  the  same  maximum  daily  pay, 

(3)  or  a  non-graduated  premium  or  bonus  appropriation  which 
added  to  a  fixed  daily  time  ra$^  will  give  the  same  reward. 

Under  such  circumstances  Mr.  Richards'  output  and  Mr. 
Emerson's  time  abcissae  would  coincide,  in  fact,  their  diagrams 
would  be  identical. 

In  actual  practice,  workmen  employed  under  above  maximum 
output  conditions  can  see  no  difference  between  shortening  the 
time  or  increasing  the  task  and  lowering  piece  rates ;  and,  as  a 
matter  of  fact,  there  is  none. 

The  one,  but  very  important,  improvement  upon  straight 
piece  working  being  that  accurate  scientific  time  study  has  pre- 
scribed the  maximum  and  fixed  the  rate  for  existing  and  im- 
proved conditions  brought  about  on  the  initiative  of  the  man- 
agement, while  ordinary  piece  rates  are  more  liable  to  change, 
not  because  they  are  '^  piece  "  rates,  but  because  they  are  more 

*  Contributed  after  adjournment. 
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or  loss  gncssos  and   dopond  for  roctification  purely  upon  what 
measure  of  their  true  .»;kill  the  men  choose  to  reveal. 

For  the  class  of  work  assumed,  straight  piece  work  based 
u|Hui  scieutitically  couducted  time  study  and  modernized  facil- 
ities, will  be  as  easy  as  auy  to  establish  in  place  of  guess  piece 
rates;  and  any  other  name  given  to  the  process  is  a  distinction 
witliout  a  difference.  It  eliminates  the  inefficient,  and  provides 
an  easy  and  automatic  method  of  paying  and  encouraging  the 
efficient  but  new  men  who  take  a  little  time  to  attain  the  maxi- 
mnm  task — say  coming  at  first  within  fifteen  per  cent,  of  it — 
while  all  others  who  aspire  are  tried  out  on  daily  time  rates 
before  graduating  as  *^  fit." 
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SUGGESTIONS  FOR   SHOP   CONSTRUCTION. 

BT  F.    A.   SCHEFPLER. 

(Member  of  the  Society.) 

1.  Some  time  ago,  the  writer  had  occasion  to  lay  out  various 
buildings  for  one  of  the  well-known  electrical  manufacturing  firms 
in  this  country,  with  the  view  of  constructing  new  shops,  covering 
a  complete  equipment  for  manufacturing  on  a  large  scale. 

2.  At  the  time  various  schemes  were  suggested  for  the  ar- 
rangement of  the  buildings  in  relation  to  each  other,  so  that  the 
resultant  buildings  could  be  combined  into  a  scheme  of  inter- 
change between  the  administration  offices,  sub-offices,  and  mate- 
rials from  one  building  to  another. 

3.  After  discussing  the  various  ideas,  above  referred  to,  the 
form  shown  on  the  accompanying  diagram,  Fig.  17,  suggested  itself 
to  the  writer,  and  as  it  is  entirely  novel  in  its  construction,  so  far 
as  applied  to  machine  shops  and  other  manufacturing  purposes, 
he  deemed  it  advisable  to  place  it  on  record,  as  there  are  many 
features  connected  with  the  layout,  which  although  subject  to 
modification,  would  make  an  ideal  manufacturing  shop  in  every 
way. 

4.  This  plan  was  not  carried  out  owing  to  the  fact  that  the 
proposed  new  buildings  were  abandoned  for  several  years,  and 
when  the  works  were  eventually  built  other  parties  had  the 
matter  in  charge,  and  the  proposed  plan  was  not  even  known  to 
them. 

5.  Of  course,  it  would  have  to  be  agreed  upon  in  advance  that 
there  would  be  required  for  manufacturing  purposes  a  number 
of  buildings  suitable  for  the  various  kinds  of  work  to  be  manu- 
factured. The  plan  herein  proposed  was  primarily  designed  for 
manufacturing  electrical  apparatus,  such  as  generators,  motors, 

*  Presented  at  the  New  York  meeting  (December,  1903)  of  the  American 
Society  of  Mechanical  Engineers,  and  forming  part  of  Volunie  XXV.  of  the 
Transactions. 
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switches,  electrical  instruments,  etc.;  but  of  course,  the  same 
gcheme  would  be  applicable  to  anj  other  kind  of  manufacturing 
where  it  is  desired  to  have  a  number  of  shops,  all  of  which  are 
easilv  accessible,  both  for  business  purposes  and  for  delivery  and 
shipping  of  material. 

A  brief  description  of  the  layout  is  as  follows: — 

In  the  center  of  the  space  available  for  the  buildings  is  located 
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Fig.  17. 


an  administration  building,  constituting  the  business,  accounting, 
and  sales  offices;  and  on  the  second  story,  the  draughting  room. 
This  building  is  octagonal,  or  hexagonal,  which  ever  may  be  found 
to  be  most  suitable  for  the  purpose.  In  this  case,  it  has  been  de- 
signed with  a  view  of  accommodating  seven  buildings,  which 
radiate  from  each  side  of  the  octagon,  and  has  one  side  reserved 
for  the  main  f-ntrance  through  the  building. 

6.  The  end  of  each  shop  which  is  nearest  to  the  administration 
building  haa  its  individual  office  for  the  foremen  and  shop  clerks. 
This,  it  will  l>e  seen,  is  a  very  hannonious  arrangement,  as  every 
•hop  i«  then  but  a  short  distance  from  the  administration  building. 


SUGGESTIONS  FOR   SHOP  CONSTRUCTION.  95 

SO  that  intercourse  can  easily  be  had  between  the  drawing  room, 
offices  and  the  offices  of  each  shop. 

7.  The  general  arrangement  gives  each  shop  plenty  of  yard 
room,  which  is  also  very  essential;  and  travelling  cranes,  either 
worked  by  hand  or  power,  could  be  located  in  the  yard  room  be- 
tween any  two  of  the  shops,  for  handling  raw  or  finished  material. 

8.  A  circular  track  around  the  administration  building  con- 
nected in  front  of  each  shop  building  by  means  of  suitable  turn 
tables,  worked  by  hand  or  power,  makes  the  distribution  of  mate- 
rial between  the  buildings  very  easy,  and  it  will  be  noticed  that 
the  distance  the  material  will  have  to  travel  from  any  one  building 
to  another  is  comparatively  short. 

9.  At  the  extreme  outer  end  of  each  building  is  another  cir- 
cular track,  primarily  to  be  used  for  shipping  purposes,  and  the 
distributing  of  such  material  as  may  come  in  or  go  out  over  the 
connecting  railroad  lines.  This  track  runs  through  the  end  of 
each  building;  and  in  such  buildings  where  the  machinery,  cast- 
ings, or  other  goods  are  to  be  handled,  the  heavier  travelling 
crane  in  that  particular  building  which  should  run  the  length  of 
the  shop,  can  easily  unload  or  load  the  cars.  This  arrangement 
makes  it  possible  to  go  into  every  shop  without  having  a  multi- 
plicity of  tracks  and  switches,  thus  cutting  up  the  available  yard 
room,  as  is  usually  the  case  in  ordinary  plants.  It  is  also  possible, 
if  there  is  sufficient  ground  available,  to  extend  any  one  or  all  of 
the  buildings,  and  still  retain  the  best  features  of  the  design. 

10.  A  study  of  the  design,  which  as  above  stated,  is  subject 
to  modification,  will  be  all  that  is  necessary  without  any  further 
comment,  to  make  it  clear  to  any  one  interested  in  this  important 
question  of  the  best  arrangement  of  buildings  for  shop  purposes. 

11.  In  connection  wdth  this  matter,  I  would  add  that  while 
there  is  as  far  as  the  writer's  knowledge  goes,  no  manufacturing 
plant  built  on  these  lines,  at  the  same  time  there  is  a  plant  of 
an  entirely  different  character  in  Pennsylvania,  where  practically 
the  same  idea  is  carried  out,  so  far  as  the  location  of  the  buildings, 
in  relation  to  the  office  building  is  concerned.  This  is  the  Eastern 
Penitentiary,  located  in  Pennsylvania,  a  cut  of  which  was  pub- 
lished in  the  North  American  recently,  which  the  writer  ran  across 
by  the  merest  accident,  and  it  really  makes  a  very  good  perspective 
picture  of  what  a  manufacturing  plant  would  look  like  when  laid 
out  as  above  suggested,  eliminating,  of  course,  the  walls  surround- 
ing the  grounds. 
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DISCUSSION. 

Mr.  W.  D.  E  tin  is. — Tlio  arraniioinent  of  buildings  illustrated 
l»v  Mr.  Schotttor  possesses  few  advantages  over  that  which  is 
eustoiiiarv.  Those  whieh  it  does  possess  are  incidental  and  acci- 
dental rather  than  lU^pendent  upon  the  eccentric  distribution  of 
departments  proposed. 

For  exanii)h\  the  advantages  of  loading  cars  by  cranes  and  of 
possibU*  extension  at  h)W  cost  are  possessed  to  an  equal  degree  by 
this  or  ahnost  any  conceivable  groui)ing  of  buildings. 

The  scheme  is  wasteful  of  land,  rec[uiring  for  the  same  yard' 
and  building  area  very  much  more  ground  space  than  is  usual. 

Tlie  diagram  shows  a  centrally  located  office.  It  is  ques- 
tionable, liowever,  whether  it  pays  to  sacrifice  other  considerations 
to  those  wliich  in  plantvS  of  any  size  private  telephone  systems  and 
adequate  messenger  service  seem  generally  able  to  satisfy. 

It  also  shows  one  of  the  worst  possible  systems  of  track- 
age. There  is  but  one  communication  with  each  department, 
which  must  be  used  both  for  ingoing  and  outgoing  traffic.  The 
trackage  provision  is  not  adapted  to  the  requirements  of  the  vari- 
ous departments.  The  same  facilities  are  provided,  for  example, 
for  tlie  <letail  (le])artment  as  for  the  storage  and  shipping  building. 
Should  a  carload  of  i)ig  iron  come  in  while  a  car  of  coal  stood  at 
tlie  }M)wer  house,  extra  switching  would  be  necessary.  All  the 
trackage  is  in  curves,  which  hanq:)ers  the  movements  of  cars  and 
increases  the  j)rol)al)ility  of  derailment  and  consequent  delay.  Ac- 
frniii  the  office  t^  any  of  the  buildings  is  impossible  without 
crossing  the  industrial  railway  tracks,  a  condition  which  may 
connterbahince  all  the  saving  in  time  due  to  having  the  office  cen- 
trally hicated.  The  ])resence  of  railroad  tracks  within  the  build- 
■■  "-  has  Ix-en  found  extremely  dangerous  to  life  and  limb  in  grain 
.  ators,  and  it  wouhl  not  seem  advisable  to  introduce  such  an 
arrang'*nient  in  manufacturing  plants.  Fire  hazard  would  be 
increa-i^Hl  by  running  locomotives  through  the  departments,  espe- 
cially Huch  a.H  those  housed  in  the  armature,  carpenter  and  storage 
buildings. 

Tho  iH)wer  housft  is  not  centrally  located,  is  of  a  wasteful  and 
''••kward  shape  and  cannot  ])e  extended  in  any  direction  without 
'  •  ivy  fxjK-ns*'. 

Thf  yard  Hpacc  is  accessilde  only  from  the  rear;  it  is  distributed 
without  regard  to  departmental  requirements,  the  detail  depart- 
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ment,  for  instance,  being  given  somewhat  more  room  than  the 

foundry.     It  is  so  shaped  that  it  could  not  be  properly  covered 

by  cranes,  nor  could  any  compact  and  systematic  grouping  of  yard 

material  be  practised.     As  illustrated  in  the  diagram,  the  space 

on  the  outside  of  the  tracks  is  too  far  away  from  the  buildings  to 

make  economical  yardage,  but  unless  it  is  utilized  the  full  benefit 

of  the  track  facilities  will  not  be  obtained. 
I 

It  is  difficult  to  see  w^hat  advantage,  excepting  in  the  single 
point  of  accessibility  from  the  office,  the  suggested  arrangement 
of  buildings  has  over  that  in  which  the  departments  are  housed 
under  separate  roofs,  side  by  side,  mth  the  office  building  on  one 
side  of  the  group  and  the  railroad  on  the  other  side,  one  or  more 
switches  being  run  into  the  buildings  where  needed.  The  latter 
arrangement  would  certainly  give  better  results  as  to  amount 
and  distribution  of  yard  room,  despatch  and  economy  in  shipping 
and  receiving  goods,  and  convenient  access  between  office  and 
shops  and  between  the  shops  themselves.  This  arrangement 
might  have  to  be  modified  to  a  moderate  extent,  but  only  in  order 
to  obtain  direct  access  between  successive  departments,  as,  for 
example,  the  machine  and  finishing  rooms  of  a  paper  mill.  The 
feature  of  Mr.  Scheffier's  plan,  requiring  a  journey  around  several 
corners  to  get  from  one  building  to  another,  should  be  absolutely 
prohibited  in  laying  out  any  plant. 

Mr.  Chas.  L.  Heisler.'^ — I  offer  the  following  criticism  on  the 
radial  plan  of  arranging  shop  buildings : 

1.  There  should  be  a  material  switch  independent  of  the  ship- 
ping switch.  The  plan  shows  that  any  car  set  for  loading  in  the 
machine  shop,  must  be  reset  and  shifted  each  time  a  load  of  coke, 
coal  or  sand  is  delivered  to  the  foundry,  and  the  locomotive  must 
each  time  pass  through  the  machine  shop.  If  another  switch  is 
made  to  parallel  the  one  shown,  then  when  the  machine  shop  is 
extended  there  will  be  two  switches  passing  through  this  depart- 
ment. 

2.  A  curved  switch  is  dangerous  and  seriously  inconvenient  to 
the  switching  crew,  who  cannot  see  two  car  lengths,  so  it  is  very 
difficult  to  set  cars  and  avoid  injuring  shop  men. 

3.  It  is  seriously  objectionable  to  take  a  train  of  cars  and  loco- 
motive through  several  shops  for  the  purpose  of  reaching  another. 

4.  The  circular  switch  does  not  come  within  150  feet  of  the 

*  Submitted  after  adjournment. 
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foumlry  oiipola,  and  gives  no  opportunity  for  using  hopper-bot- 
tom cars  for  cheaply  handling  foundry  sand,  coke,  etc.  The 
present  arrangement  will  cause  an  expenditure  of  many  hundred 
dollars  per  year  in  the  extra  handling  of  the  raw  foundry  mate- 
rial. 

*5.  The  coal  for  the  boilers  should  be  dmnped  directly  in  front 
of  the  boilers.  In  the  radial  plan  shown,  each  car  must  be  un- 
loaded by  hand  and  reset  every  time  any  car  is  taken  from  either 
tlie  foundry,  pattern  shop  or  machine  shop. 

1).  The  pattern  storerooms  should  be  adjacent  to  the  pattern 
department,  but  suthciently  isolated  for  fire  protection.  The 
cupula  should  be  farther  from  the  pattern  department,  and  should 
be  located  with  respect  to  prevailing  winds,  if  possible. 

7.  The  arrangement  does  not  comply  with  the  present  practice 
of  arranging  buildings  as  much  as  possible  parallel  to  each  other 
to  economize  in  land  and  in  order  to  utilize  their  crane  columns 
and  steel  framing  for  supporting  traversing  yard  cranes,  which 
should  cover  all  the  available  space  adjacent  to  the  several  build- 
ings, and  which  can  be  covered,  when  necessary,  to  meet  future 
growth.  The  triangular  yards  evidently  will  never  permit  this 
without  excessive  expense  and  waste. 

8.  Assume  that  30  jxjr  cent.,  more  or  less,  covered  floor  space 
than  shown  on  the  ])lan  is  required  for  any  one  of  the  depart- 
ments. First  attempt  to  lengthen  such  a  department  30  per  cent., 
and  note  that  the  circular  switch  then  divides  the  enlarged  de- 
partment, or,  suj)pose  the  30  per  cent,  enlargement  consists  of 
an  unsvmmetrical  side  addition,  this  cannot  then  be  well  fitted 
into  the  very  undesirable  form  of  triangular  yards.  On  the  other 
hand,  assume  that  any  department  required  30  per  cent,  less  floor 
spaee  than  shown,  in  this  case  the  building  Avould  not  come  within 
100  feet  of  the  switch,  or  the  central  '^  administration  ''  building. 

9.  The  several  receiving  and  sliipj)ing  (jifices  nmst  be  adjacent 
to  the  switch,  and  will,  therefore,  be  350  feet  away  from  the  main 
office,  as  shown. 

10.  The  reduction  in  distances  at  other  points  between  parallel 
linildingH,  when  arranged  as  usual  with  an  intervening  crane  yard,  M 
'hi  certainly  effect  a  greater  saving  than  would  be  lost  by  the         h 

flv  .rr^-.tor  distance  between  the  main  and  other  offices,  as         ^ 
!i  the  radial  ])lan. 

11.  A  moment's  thought  will  make  it  clear  that  the  alleged 
saving  in  time  due  to  the  radial  ])lan  is  lost  several  times  over  in 
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the  time  required  in  manipulating  the  many  heavy  12  x  14  foot 
switch  doors.  Assume  that  a  switching  engine  and  crew  are 
making  a  trip  around  the  circular  track,  the  crew  will  be  required 
to  make  at  least  24  distinct  and  strenuous  efforts  in  opening  and 
closing  the  12  heavy  doors,  and  it  will  take  48  such  operations  in 
cold  weather,  if  they  are  all  lifting  doors,  and  96  if  they  are 
double  doors.  However  cold  the  weather,  one  round  trip,*  not 
considering  the  resetting  of  cars,  I  think  would  finish  even  the 
most  robust  switching  crew.  If  thev  did  suiwive  one  round,  I 
fear  the  shop  men  would  never  permit  them  to  make  a  second. 

Mr.  Suplee. — In  reference  to  the  statement  made  by  the  author 
of  the  paper  just  now  about  the  arrangement  of  the  buildings 
being  the  same  in  the  Eastern  Penitentiary  at  Philadelphia,  I  may 
add  that  in  the  centre  of  the  circle  formed  by  those  buildings 
there  is  a  system  of  mirrors  so  arranged  that  a  single  w^atchman 
seated  in  the  centre  can  look  down  all  of  the  corridors  at  once. 
This  ingenious  system  of  mirrors  was  designed  by  one  of  the 
prisoners. 
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WHAT  ABB  THE  NEW  MACHINE  TOOLS  TO  BE? 

BY  JOHN  E.   SWEET,   SYRACUSE,  N.    Y. 

(Member  of  the  Society.) 

1.  It  is  a  fact  quite  apparent  to  users  of  machine  tools  that  the 
new  high-speed  tool  steel  calls  for  a  re-designing  of  our  machines 
if  we  are  to  get  even  a  fair  share  of  the  ultimate  possibilities  which 
the  now  steel  offers. 

2.  I  expect  the  machine  tool  builders  have  already  the  reply 
formulated  as  follows:  "You  just  keep  on  building  engines  and 
leave  the  machine  tool  business  to  us."  But  that  vdll  not  quite  do. 
If  no  one  but  the  engine  builders  had  mixed  in  the  engine  business, 
we  would  have  had  no  turbine  engines,  and  many  of  the  standard 
machine  tools  were  originally  devised  by  those  who  had  use  for 
them  rather  than  by  the  man  who  devised  things  to  sell. 

3.  I  think  the  machine  tool  builders  will  admit  that  the  ma- 
chinos  must  be  re-designcd;  but  to  the  most  of  them  will  this  mean 
anything  but  just  to  make  the  driving  elements  more  powerful  and 
the  machines  stronger,  which  is  as  much  as  to  say  everything  has 
been  all  right,  and  all  we  need  to  do  is  to  change  the  strength  and 
power.     But  have  they  been  all  right  or  half  right  ? 

4.  It  can  be  shown  by  figures,  I  suppose  (I  know  it  to  be  a  fact 
by  a  trial  with  models),  that  a  complete  box  is  thirteen  times  more 
rigid  against  torsion  and  four  times  more  rigid  against  bending 
than  the  same  amount  of  material  is  in  the  form  of  side  plates  and 
thin  croae  girts.  It  is  probably  from  four  to  eight  times  more 
rigid  than  the  cross  girt  plan  in  any  form,  and  yet  in  the  case  of 
lathes,  the  whole  business  of  whose  beds  is  to  resist  torsion,  only 
one  or  two  buildf-rs  liave  had  the  courage  to  adopt  the  box  form. 

6.  All  planer  beds  can  just  as  well  be  box  beds  with  half  the 
cost  in  patterns  and  foundry  work,  and  so  too  the  tables  which  are 
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sprung  by  bolting  down  work  can  just  as  well  be  box  tables  four 
times  as  strong  with  the  same  material,  and  with  a  saving  of  haK 
the  cost  in  patterns  and  something  in  the  foundry. 

6.  The  whole  tendency  of  the  cut  is  to  slide  the  work  endwise  of 
the  planer  bed ;  but  who  has  ever  tried  putting  the  slots  crosswise 
in  a  way  to  offer  the  greater  resistance  and  prevent  the  bending 
of  the  bed  by  the  peening  of  the  upper  surface,  as  now  occurs, 
which  with  the  springing  by  bolting  down  the  work  are  the 
primary  causes  of  cut  ways. 

7.  Some  planer  and  boring  mill  cross  rails  are  of  box  section  in 
the  centre,  but  are  thinned  down  at  the  ends  when  fastened  to 
the  housings.  The  most  of  them  are  three  sides  of  a  box  only, 
or  one-tenth  the  strength  of  a  box,  where  a  plain  square  box 
straight  through  is  infinitely  better  and  cheaper.  Of  course  the 
boxes  are  not  to  be  proportioned  from  what  is  in  use  now,  but 
from  what  is  to  be  made  to  meet  the  new  conditions.  To  select 
enough  material  to  meet  the  new  demands  and  then  put  the  mate- 
rial so  that  it  will  be  four  times  more  rigid  will  be  something  like 
it.  Housings  of  box  section  will  be  just  as  rigid  fore  and  aft  and 
much  more  rigid  against  side  strain. 

8.  IVIilling  machines  of  the  planer  style  are  constructed  like  plan- 
ing machines,  seemingly  without  a  thought  but  that  the  conditions 
are  identical,  while  they  are  not.  If  the  bed  of  a  planing  machine 
and  the  table  were  of  the  same  length,  the  weight  of  the  table  and 
the  load  over-running  the  end  of  the  bed  would  soon  wear  the  top 
of  the  bed  crowning  and  the  under  side  of  the  table  concave  to  fit, 
and  it  is  to  counteract  this  tendency  of  gravity  to  wear  them  out 
of  true  that  the  beds  are  made  longer  than  the  tables.  With 
the  milling  machine  the  load  is  less,  more  of  it  in  the  middle  of 
the  table,  because  there  is  less  gained  by  putting  on  small  pieces 
end  to  end,  and  the  down  pressure  of  the  big  cutter  always  in  the 
middle  partially,  if  not  wholly,  neutralizes  the  tendency  to  wear 
out  of  true  by  gravity.  When  such  a  machine  has  side  cutters 
or  a  vertical  spindle,  the  pressure  is  always  in  the  middle,  first  in 
one  direction  and  then  the  other,  exactly  the  reverse  from  the 
gravity  action,  and  instead  of  the  side  guide  of  the  bed  being 
longer  than  the  table  it  should  be  shorter,  by  just  about  the  same 
amount  as  the  bed  of  a  planer  needs  to  be  longer. 

9.  Many  times  the  sliding  piece  and  its  gTiides  can  be  the  same 
length  and  keep  straight.  The  things  which  do  not  tend  to  wear 
out  of  true  do  not  wear  much,  and  the  things  which  do  wear  out 
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of  true  and  have  to  bo  refitted  are  never  just  right  but  when  new 
and  when  so  refitted.  Where  a  short  block  slides  on  a  long  guide, 
if  the  scraper  marks  wear  out  sooner  along  the  middle  than  at  the 
ends,  tlie  ends  of  the  guide  need  cutting  off,  however  much  over- 
run it  gives  to  the  sliding  block. 

10.  The  draughtsman  dare  not  make  a  drawing  of  an  engine 
cross-head  over-running  the  guide  one-third  of  its  length  at  each 
end;  the  builder  would  hardly  dare  to  build  it  if  he  did,  and  no 
user  has  the  courage  to  take  out  the  guides  and  cut  them  off  or  cut 
away  the  surface  even  when  he  knows  it  would  be  money  in  his 
pocket,  but  it  is  the  thing  to  do.  We  find  that  in  the  case  of  a 
slipper  guide,  owing  to  the  effect  of  inertia  and  momentum  giving 
a  twisting  action  to  the  crosshead,  it  is  necessary  to  cut  away  the 
guide  so  that  the  crosshead  will  over-run  very  nearly  one-half  its 
length  before  the  scraper  marks  will  show  uniform  wear.  This, 
of  course,  is  subject  to  modification  according  as  the  centre  of 
gravity  is  higher  or  lower,  or  the  speed  of  the  engine  is  greater 
or  less.  We  are  building  engines  with  the  crossheads  over-run- 
ning that  way  and  people  buy  them. 

11.  To  get  the  best  out  of  machines,  they  not  only  want  to 
be  rigid  and  true,  but  the  drive  needs  to  be  powerful.  In  this 
respect  a  worm  gear  is  about  as  perfect  as  can  be,  or  cutting  spur 
gear  teeth  spiral  accomplishes  about  the  same  result.  What 
appears  as  an  objection  to  spiral  teeth  is  end  thrust  against  the 
shoulders,  which  does  not  amount  to  much,  and  when  the  shaft 
runs  in  reverse  directions  and  end  play  in  the  journals  is  permis- 
sible, the  journals  keep  in  much  better  condition.  The  mention 
of  a  worm  gear  is  like  the  flaunting  of  a  red  rag  to  some  people, 
but  it  has  its  place  and  a  good  many  more  places  than  it  has  been 
UBcd  in.  The  claimed  objection  is  excessive  friction  and  loss  of 
power,  but  the  results  do  not  seem  to  justify  the  claim. 

12.  The  most  perfect  worm  gear  we  have  (theoretically)  is  a 
Bcrcw  and  nut,  and  they  do  waste  enormously  in  friction,  and  in 
proportion  to  what  they  do  they  wear  out  the  most  of  any  piece  of 
mechanism.  The  most  imperfect  worm  gear  we  have  (theoret- 
ically) is  the  Seller's  planing  machine  drive,  and  yet  they  never 
wear  out,  and  hence  cannot  lose  much  in  friction. 

13.  In  the  writer's  opinion  two  of  the  things  which  never  need 
to  have  been  invented  are  the  Hindlcy  worm  gear  and  a  machine 
for  bobbing  worm  gear.  Experience  convinces  the  writer  that  a 
liberal  pitch  worm  skewed  round  so  as  to  properly  mesh  with  a 
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plain  spur  gear,  or  one  with  tlie  teetli  at  sucli  an  angle  as  to  skew 
the  worm  a  little  more  will  run  more  easily  and  last  longer  than 
the  other  sort.  A  machine  driven  with  the  worm  is  positive,  and  if 
there  is  any  chatter  it  conies  from  elasticity  in  the  spindle  or  the 
work  itself.  The  value  of  lathes,  particularly  those  used  for  face 
plate  work,  is  considerably  improved  by  having  large  and  short 
main  bearings.  They  should  be  large  to  resist  torsion  and  short  to 
resist  bending,  and  the  ordinary  face  plates  are  ridiculously  frail. 
To  get  the  best  of  a  face  plate  it  should  be  box  section  and  as 
large  as  will  swing  in  the  lathe. 

14.  Owing  to  the  rapid  wear  of  screws  the  writer  is  convinced 
that  a  precision  screw  in  any  lathe  used  in  manufacturing  is  of  no 
special  value  over  a  fairly  good  one.  Wearing  the  screw  in  one 
place  while  threading  a  few  hundred  pieces  destroys  the  precision 
in  a  way  which  no  future  use  will  ever  correct. 

If  the  designer  will  analyze  every  detail  he  will  find  that  many 
of  the  old  features  were  not  right  to  meet  the  old  conditions  and 
not  half  right  for  the  new. 

15.  While  manufacturing  is  going  to  call  for  many  more  simple 
machines — that  is,  machines  to  do  one  thing  rapidly  and  well — the 
machines  which  will  do  a  variety  of  work  will  be  still  in  demand, 
for  the  sparsely  settled  sections  of  the  country  and  the  colonies 
will  call  for  the  country  machine  shop  as  of  old. 

DISCUSSION. 

Mr.  John  D.  Biggs. — There  is  no  question  but  that  there  is 
now  a  demand  for  a  general  re-designing  of  machine  tools,  but 
is  this  entirely  due  to  the  new  high-speed  steels?  Is  it  not  rather 
due  to  the  fact  that  the  designs  were  only  half  right,  and  now 
with  the  new  steels  this  half  right  is  being  reduced  to  one- 
quarter  right?  If  higher  speed  is  all  that  is  required  this  can 
be  had  at  once  in  most  cases  by  putting  a  larger  pulley  on  the 
line  shaft  or  at  most  by  adding  a  high-speed  belt  between  the 
line  and  counter  shafts.  It  may  be  noted  that  doubling  the 
speed  in  this  v/ay  doubles  the  available  power  as  well. 

Cone  pulleys  have  gotten  into  bad  repute,  largely,  I  think, 
on  account  of  having  too  many  steps  and  too  small  diameters. 

Established  practice  may  be  given  credit  for  some  of  the  weak 
points  in  present  machine  design.  It  does  not  follow  that  be- 
cause our  grandfathers  sawed  oif  the  ends  of  their  wooden  lathe 
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l)evls  square  that  ]>roseiit  lathe  biiiklors  should  do  the  same  with 
east  iron  ones.  Aj^^aiu  those  buihiers  who  borrow  designs  and 
devote  their  best  etl'orts  to  (jetting  money  do  their  part  in  estab- 
n>hinj;  praetiee. 

In  api»lyin«r  the  individual  eleetric  drive  the  practice  of  in- 
rorjHjrating  the  motor  into  the  design  of  the  machine  seems  to 
Ih'  most  eommendabh\  One  easting  may  serve  as  the  frame 
for  lK»th  machine  and  motor  and  yet  the  machine  may  be  fur- 
nished with  or  without  the  motor  drive. 

In  applying  motors  to  radial  drills  why  not  place  the  motor 
on  the  radial  arm  very  close  to  the  drill  spindle  and  thus  dis- 
jH-nse  with  a  considerable  portion  of  the  mechanism  now  used 
to  transmit  power  from  a  stationary  shaft? 

The  experience  of  Professor  Sweet  with  worm  gears  is  cer- 
tainly quite  different  from  my  own.  While  the  Sellers  planer 
drive  has  proved  all  right,  the  ordinary  worm  gear  as  used  in 
f n-ight  elevators  in  buildings  is  not.  And  the  worst  feature  of 
these  machines  is  that  you  seldom  know  how  near  right  they 
arc  or  when  they  will  go  wrong.  The  lubrication  of  the  two  is 
essentially  diiferent. 

Those  jK'ople  who  have  labored  to  improve  the  worm  gear  for 
elevators  have  my  sympathy  but  none  of  my  orders  so  long  as 
the  direct  hydraulic  elevators  are  in  the  market. 

Mr.  II.  P.  Fairfield. — Any  one  that  has  had  much  to  do  with 
the  so-called  high-speed  steels  must  have  been  impressed  wdth 
the  fact  that  the  ordinary  14"  or  10"  engine  lathe  was  lacking 
in  material.  About  one  year  ago  I  put  in  the  hands  of  some 
of  our  students  tools  forged  from  one  of  the  prominent  high- 
sjKjed  steels,  my  object  being  to  study  the  uses  of  the  steel.  The 
students*  instructions  were  to  break  down  the  tool  if  possible, 
then  to  reduce  si>eed  and  feed  until  a  desirable  balance  was 
reached.  On  diameters  of  about  two  inches  the  lathes  used 
were  not  able  to  make  good,  and  it  was  necessary  to  reduce  both 
the  fe€*d  an<l  speed  to  pnjvent  seriously  injuring  the  machine. 
The  trouble  .seiMned  to  be  entirely  confined  to  the  head  stock  and 
carriaj:*-,  and  after  some  study  of  the  subject  and  continued  ob- 
wn-ation,  I  came  to  a  conclusion  that  the  most  of  the  trouble 
wa.**  a  lack  of  material  in  the  head  st(K;k  its(df.  As  the  diameters 
turned,  a  high  speed  of  r(?volution  was  needed  to  bring  up  the 
surface  -jH-cd  to  the  desired  point,  and  to  prevent  tearing  the 
Lead  stot-k  to  pieces  a  heavy  face  plate  oi  a  size  as  large  as  the 
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lathe  could  SAving,  was  put  upon  the  nose  of  the  spindle.  This 
seemed  to  correct  much  of  the  trouble  and  I  believe  is  a  desir- 
able thing  to  do,  although  it  is  not  usual  to  use  a  fly  wheel  on  an 
engine  lathe.  So  far  as  observed  the  bed  was  not  affected  in  any 
ease. 

I  would  suggest  that  my  conclusions  are  that  the  engine  lathe 
needs  more  material  in  its  head  stock,  broad  surfaces  in  its  car- 
riage, nicely  gibbed,  a  positive  drive  to  its  feed  works,  a  less 
number  of  steps  on  the  cone  and  broader  belts,  and  a  massive 
face  plate. 

Mr.  OherVui  Smith. — I  think  the  time  has  now  come  when 
that  "  anvil  principle  ^\  that  Mr.  Porter  and  I  used  to  talk  about 
some  years  ago  must  come  to  the  fore.  It  is  true  that  high- 
speed steels  simply  require  more  horse-power  for  the  higher 
speed  and  not  necessarily  more  torque  on  the  lathe  spindle;  but 
as  a  matter  of  fact  these  new  steels  are  probably  stronger  and 
will  take  heavier  cuts  than  other  steels,  without  breaking  off  the 
cutting  edges.     Am  I  right  about  that,  Mr.  Taylor? 

2Ir.  Fred  W.  Taylor. — :N'o,  I  think  not. 

Mr.  Smith. — Mr.  Taylor  says  I  am  not  right.  I  thought  he 
was  going  to  back  me  up. 

Mr.  Taylor. — I  should  like  to  back  you  up  if  I  could.  But 
directly  the  opposite  is  true.  The  only  advantage  which  the  tool 
steels  containing  tungsten  or  molybdenum  in  combination  with 
chromium  and  heated  to  a  high  heat  according  to  the  Taylor- 
White  process  have  over  ordinary  tools  is  that  they  will  cut  from 
two  to  four  times  as  fast  and  therefore  do  much  more  work  in 
a  given  time.  The  presence  of  tungsten  or  molybdenum  renders 
the  tools  weaker  and  more  brittle  in  the  body  of  the  tool.  The 
cutting  edge  of  the  tool  is  also  more  brittle  than  the  edge  of  the 
old  carbon  steel  tool  at  usual  shop  temperatures.  The  Taylor- 
White  tools,  while  more  brittle  at  the  usual  temperatures  of  the 
air  from  50°  to  100°  Fahr.,  have  the  peculiar  property  of  re- 
maining about  as  hard  as  they  ever  were  when  heated  by  the 
friction  of  the  chip  which  they  are  cutting  up  to  the  extraor- 
dinary temperature  of  1000°  to  1200° ;  while  tools  not  so  treated 
soften  and  crumble  away  when  heated  to  400°  upwards. 

Mr.  Smith. — When  I  get  through  I  want  Mr.  Taylor  to  tell 
you  what  I  was  trying  to  tell  you,  namely,  that  we  need  more 
strength  to  our  machines  as  well  as  more  speed.  One  reason  is 
perhaps  that  the  higher  speeds  cause  more  vibration  in  the  thin. 
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lidilU'-liko  castings  c:enorally  used  which  are  attuned  only  too 
well  to  the  new  ra])idity  of  motion.  At  any  rate,  we  all  know 
that  we  want  very  much  stronger  tools.  It  may  be  remembered 
that  some  years  ago  I  told  this  Society  that  the  proper  way  to 
desicn  a  latlie  bed  was  to  build  it  all  up  in  a  solid  chunk  and 
then  modify  it  a  little  by  putting  a  slit  through  the  nuddle  to 
let  the  chips  fall  through.  I  believe  I  said  also  that  if  lathes 
were  from  three  to  four  times  heavier  than  they  are  now  there 
would  be  a  great  deal  more  w-ork  turned  out  in  them.  If  we 
Avould  make  our  lathe  heads,  too,  in  great  masses  of  solid  ma- 
terial it  would  be  all  the  better.  ^N'obody  has  yet  been  brave 
enough  to  make  a  really  heavy  lathe,  but  in  my  opinion  there  is 
going  to  be  a  tremendous  revolution  in  this  respect  in  the  next 
ten  years,  in  all  of  our  machine-tools,  l^one  have  had  the  cour- 
age to  go  at  it  yet,  but  it  is  going  to  come — but  gradually,  like 
all  great  developments.  Another  thing  Ave  are  going  to  do  is  to 
use  milling  macliines  very  much  more  than  w^e  do  now  in  the 
place  of  planers.  This  is  because  of  the  great  defect  in  all 
planers  of  moving  the  heavy  weight  of  the  table  plus  the  Avork. 
Thus  we  must  figlit  inertia  in  both  stopping  and  starting.  An- 
other defect  of  planers  as  now  built  is  cutting  in  one  direction 
only.  All  this  is  going  to  bring  us  to  contrive  new  forms  of 
milling  machines.  Planers  Avill  remain,  of  course,  but  they  will 
be  modified,  in  many  cases  by  making  the  tool  move  rather  than 
the  work,  thus  following  the  general  principle  used  in  shapers 
more  than  we  do  at  present.  How  all  this  will  develop  we  cannot 
see  ju.st  now,  l)ut  it  is  bound  to  come.  We  cannot  use  a  high-speed 
tool  at  high  speed  on  an  ordinary  planer,  and  for  that  reason, 
and  for  other  reasons  that  I  might  mention,  the  present  machine 
i.**  likely  to  become  somewliat  obsolete  in  the  near  future. 

Prof.  John  E.  Sweet.^' — I  am  sorry  that  more  time  was  not 
available  for  discussion.  As  to  the  worm  gear's  not  proving 
satisfactory  for  elevators  I  was  not  conscious  of  the  fact.  If 
I  were  in  the  business  I  would  not  abandon  them  until  I  had 
skewed  around  a  worm  in  a  spur  gear  and  tried  that. 

"  *  Author's  closure  under  the  rules. 
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AIR    310 TOES  AND    AIR    HAMMERS, 
APPARATUS  AND  METHODS  FOR  TESTING. 

BT  MAX  H.  WICKHORST,  AURORA,  ILL. 

(Junior  Member  of  the  Society.) 

1.  The  apparatus  and  methods  described  below  are  those  used 
in  some  extensive  tests  of  air-drill  motors  and  air  hammers  made 
by  the  Chicago,  Burlington  and  Quincy  Railroad  Co.  in  its  labora- 
tory at  Aurora,  111.  The  tests  were  made  for  the  purpose  of  deter- 
mining the  air  consumption,  horse-power,  stalling  load  of  motors, 
number  and  force  of  hammer  blows,  etc. 

General  Arrangement. 

2.  The  general  arrangement  of  the  apparatus  is  shown  in  Fig. 
18  and  in  photograph,  Fig.  19. 

The  air  used  for  making  the  tests  was  obtained  from  the  shop 
supply,  which  was  generally  about  60  or  70  pounds.  As  we  de- 
sired pressures  varying  from  60  to  120  pounds,  we  stepped  up 
the  pressures  by  pumping  the  air  through  a  9-inch  Westinghouse 
pump  which  had  the  air  cylinder  bushed  to  a  diameter  of  7  inches. 
This  bushing  was  necessary  as  the  steam  pressure  at  the  Labora- 
tory is  only  about  60  pounds.  The  air  was  then  pumped  into 
reservoir  No.  1,  with  ordinarily  a  pressure  of  140  or  150  pounds. 
From  here  the  air  was  allowed  to  flow  into  reservoir  ISTo.  2,  where 
it  was  maintained  at  any  pressure  desired  by  means  of  a  reducing 
valve,  which  was  a  regular  1-inch  Westinghouse  air-pump  gover- 
nor. An  oil  cup  containing  a  thermometer  was  screwed  into 
reservoir  ISTo.  2,  and  was  used  to  determine  the  temperature  of 
the  air  supplied  to  the  tool.  Another  thermometer  was  also  used 
to  note  room  temperature. 


*  Presented  at  the  New  York  meeting,  December,  1903,  of  the  American 
Society  of  Mechanical  Engineers,  and  forming  part  of  Volume  XXV.  of  the 
Transactions. 
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3.  From  the  reservoir  'No.  2  the  air  passed  through  a  meter. 
This  is  a  high-pressure  meter  made  hy  the  Equitable  Meter  Co., 
Pittsburg,  Pa.,  aud  in  construction  is  similar  to  an  ordinary  gas 
meter,  the  air  alternately  filling  out  and  exhausting  from  leather 
bellows.  Froin  here  the  air  was  delivered  to  the  tool  to  be  tested, 
through  a  2-inch  pipe  and  l-|-inch  hose.  At  the  point  wdiere  the 
air  was  delivered  to  the  tool  we  had  an  expansion  consisting  of  a 


Fig.  19. 


2-inch  Tee,  with  an  internal  diameter  of  about  2J  inches,  in  which 
we  determined  the  pressure  by  means  of  a  gauge.  Care  was  taken 
that  between  the  point  where  the  pressure  readings  were  taken 
and  the  tool  to  be  tested,  there  was  no  contraction  in  the  supply 
pipe  smaller  than  the  openiner  into  the  tool  under  test. 

4.  For  the  purpose  of  calibrating  the  air  meter  we  used  the 
tank  as  shown  in  Fig.  18.  This  tank  had  a  gauge  glass  its  full 
length,  and  its  cubic  capacity  was  determined  for  each  5  inches  on 
the  glass  by  w^eighing  the  water. 

6.  The  records  of  time,,  revolutions  of  motor,  air  consumed  and 
strokes  of  hammer  were  obtained  autographically,  using  the  record 
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tal)lt»  shown  in  Fiu.  1^.  Tho  records  were  obtained  on  glazed 
nianillii  paper  14  inches  Avide,  moving  across  the  table  under 
electro-magnetic  pens.  The  driving  mechanism  of  the  paper  con- 
sisted of  an  air  motor  and  suitable  gearing.  The  electro-magnets 
actuated  stNlographic  pens  feeding  red  ink.  One  of  the  pens 
was  actuated  by  ii  clock,  making  a  contact  every  five  seconds. 
Another  was  actuated  by  the  air  meter,  a  wiper  making  contact 
with  the  teeth  of  one  of  the  gear  Avheels  in  the  recording  mechan- 
ism and  (\ach  contact  representing  about  ^  cubic  foot  of  air. 
The  third  pen  was  used  to  record  the  revolutions  of  the  motors 
hy  arranging  a  wiper  and  a  simple  gearing,  so  as  to  make  a  contact 
evcrv  5  revolutions  of  the  socket  for  holdins:  the  drill. 

6.  In  calibrating  the  meter  the  method  was  to  have  the  calibra- 
tion lank  about  full  of  water,  the  valve  from  the  meter  opened  up, 
thus  aHowing  full  pressure;  the  outlet  valve  was  opened,  the 
record  paper  started  going  and  as  the  water  in  the  gauge  glass 
j)asscd  the  marks  5  inches  apart  record  was  made  b}^  the  observer 
l)ressing  a  push  button.  The  meter  at  the  same  time  made  its 
own  record,  and  tluis  we  Avere  able  to  figure  out  the  number  of 
cubic  feet  jier  contact  or  per  notch.  We  also  obtained  record  of 
5-second  intervals.  As  the  readings  of  the  meter  varied  some- 
what with  different  rates  of  flow,  calibrations  were  made  at  dif- 
ferent rates  by  varying  the  opening  at  the  outlet  valve.  A  cali- 
bration curve  was  then  made  by  plotting  notches  per  minute  as 
abscissae  and  cubic  feet  per  notch  as  ordinates.  A  number  of  cal- 
bration  tests  were  made  during  the  course  of  the  tests  of  the  tools. 

J  he  various  gauges  used  from  Avhich  pressure  readings  Avere 
taken  were  previously  checked  up  and  adjusted  by  means  of  a 
Crosby  Dead  Weight  Tester. 

Motor   7\sts  and  Calculations. 

7.  Tlie  arrangement  used  for  testing  motors  is  also  sboAvn  in 
Fig-  1^  »'«d  in  the  photograj.h.  Fig.  20.  'V\\v  arrangement  was  to 
apply  tlie  load  by  means  of  a  Prony  Friction  brake,  the  revolu- 
tions being  recorded  by  means  of  a  wiper  making  contact  every 
five  revolutions.    The  air  consumption  and  time  were  recorded  as 

rilK'd  alK)ve. 
tt.  The  procedure  was  to  first  regulate  the  pressure  in  reservoir 
No.  2  at  00  pounds,  then  put  on  a  light  brake  load,  keeping  this 
constant  during  the  test  with   full  open  throttle.     Another  test 
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was  then  made  \vitli  heavier  brake  load  with  the  same  air  pressure, 
and  the  increments  of  load  continued  in  successive  tests  till  the 
tool  was  stalled.  Then  air  pressures  of  80,  100  and  120  pounds 
were  used  in  the  same  manner.  A  sample  of  a  motor  record 
reduced  is  shov/n  in  Fig.  21. 

9.  Table  1\  o.  1  shows  a  sample  data  sheet,  and  the  various  items 
and  calculations  were  obtained  as  follows: 


Fig    20. 


Xo.  1  and  Xo.  2  are  pressures  as  read  by  an  observer  on  gauges 
and  are  pressures  above  atmospheric  pressure. 

'No.  3  is  temperature  in  degrees  Fahrenheit  of  the  compressed 
air  in  reservoir  Xo.  2. 

ISTo.  4  is  the  meter  contacts  or  notches  obtained  from  the  auto- 
graphic record  included  in  a  strip  of  record  covering  one  minute 
as  recorded  by  the  clock. 

Xo.  5  is  the  cubic  feet  of  compressed  air  per  meter  notch  as 
obtaiucd  from  the  calibration  chart. 


iri 
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Xo.  (5  is  the  cubic  feet  of  compressed  air  per  minute  obtained 
by  iiiulti])lyiug  Nos.  4  and  5. 


I                                                                       Each  spacers  revrtlutions  of  motor 
*       '       ■        ' «       t      i      I      .      »      » » \ \ \ » k * * K- 


Ji \        y       k       k 


A_ 


Lab.No.621.54M46 


X.Y.Z.  SIOTOR 
No.  1S7  Test  No.  72  B 

N.P.M.  l'.t.4  R.P.M.  135 

Aug.lTth.  1903. 


Burlington  Route  Laboratory 

Aurora,  III. 

TEST  OF  AIR  MOTORS 

1903. 

Fac-simile  Motor  Record 

(about  \  size) 

1  minute. 

Report  Sept.  5th.  1903. 


Paper  moves  in  tliis  direction  - 


Each  notch=267  cubic  feet  comp.  air 


""1     Each  space  =  5  seconds 


Wirtkm-.t,  M.U. 


/.M.eANK  N'.Tt  CO.,N. 


Fig.  21. 


Xo.  7  is  the  number  of  cubic  feet  of  free  air  per  minute  ob- 
tained from  Xo.  6  by  the  following  formula : 


FA  = 


(7  J.  X  (P  +  15) 
15 


where  F  A  =  free  air  in  cubic  feet  per  minute. 

C  A  =  compressed  air  in  cubic  feet  per  minute. 
P  =  })ounds  gauge  pressure  at  tool. 

Xo.  8  is  the  revolutions  per  minute  of  socket  for  holding  the 
drill  and  is  obtained  from  tlie  autographic  record. 

No.  9  is  tlie  brake  load  as  shown  by  the  weight  on  the  scale  at 
the  end  of  the  lever  arm,  usually  three  feet,  except  with  the 
jniallcr  motors,  where  the  lever  arm  was  two  feet.  This  brake 
load  was  pre-dcterniined  and  kept  constant  by  an  observer  during 
(■ach  test. 

Xo.  10  U  thf  brake  horse-power,  and  was  calculated  as  per  fol- 
lowing formula: 
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B  HP  = 


R  P  M  X  2r  X  3.1416  x  w 
33000 


where  B  H  P  =  brake  horse-power. 

H  P  M=  revolutions  per  minute  of  brake-wheel. 
r  =  radius  in  feet  of  brake-lever. 
w  =  weight  in  pounds  on  scale. 


'No.  11  is  the  load  on  scale  which  was  just  sufficient  to  stall  the 
tool. 

No.  12  is  the  stalling  load  at  one  foot  radius  calculated  from 
No.  11. 

No.  13  is  the  cubic  feet  of  free  air  consumed  per  minute  per 
horse-power,  obtained  by  dividing  IN'o.  7  by  !N^o.  10. 

10.  After  obtaining  these  various  data  we  plotted  three  curve 


Fig.  22. 
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TABLE   I. 


Bl'HLlNGTON   ROUTE  LABORATORY, 

AlKORA.   I  LI- 
TEST OF  Alii   MUTOKS, 
1903. 
Data  Sheet. 


Lab.  No.  621.54  M  47. 


Air  Motor  Test. 

Makek:  .Air  Tool  Co.  Name  of  Tool:  Mendota.  Size:  3. 

Wkight:  47  L1)s.  Serial  Number:  82.  Cost 

Hemakks: 

Brake  Lever  Ahm  :  3  ft. 

Date  :  8,4-03.    Temperattre  Atmosphere  :  87  de". 


Test  61. 
Type  :  3  Cyl. 


1.  Pre«j«.  resenoir. . . 

2.  "     at  tool 

3.  Tenipr.  com  p.  air. 


101 
100 
101 


4.  Notches  per  niin 24. 

5.  Co.  ft.  per  notch .262 

6.  Co,  ft.  C.  A.  iniii 6.8 

7.  Preeafr .52. 

8.  Rev.  i»er  m  n 138 

•.  Wt.  on  f^alc 20 

10.  Bmke  ll.-P 1,57 

11.  Stalling  weight 

18.  'Mr'  at  one  ft.  nuliuH 

W.  "Sereii"  peril.  P 33 


B 


101 
100 
102 
21.2 
.264 
5.6 
42.8 
119 
25 
1.7 


25 


C 


101 
100 
102 
19.5 

.265 
5.2 
40. 
89 
30 
1.52 


26 


D 

101 
100 
103 
17.6 

.26() 
4.7 
36. 
72 
35 
1.45 
37 
111 
24.8 


E 

121 
120 
106 


121 
120 
108 


:*3.4  24. 
.203   .262 


6.2 
56. 
135 
25 
1.92 


29 


6.8 
61.3 
115 
30 
1.97 


G. 


121 
120 
110 
20. 

.264 
5.3 
48. 
91 
35 
1.83 


26.5 


H 


121 
120 
112 
20.3 

.264 
5.4 
47.7 
88 
40 
2.02 


28.5 


121 
120 
114 
17.5 

.266 
4.6 
41.5 
78 
45 
2. 
48 
144 
20.7 


(Signed) 


Observer. 
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sheets  to  show  up  the  results  by  the  graphic  method,  representing 
in  each  case  the  air  pressure  as  abscissae.  On  one  we  plotted  as 
ordinates  the  stalling  load  at  one  foot  radius,  on  another  the  air 
consumption  in  cubic  feet  of  free  air  per  minute  per  horse-power 
at  maximum  horse-power,  and  on  the  other  the  maximimi  horse- 
power. 

Air  Hammer  Tests  and  Calculations. 

11.  The  arrangements  for  testing  air  hammers  is  also  shown  in 
Fig.  18  and  photograph.  Fig.  22.   The  method  in  general  was  to  let 


1  notch  =  .26S  cubic  feet  comp.-air 


RIVETING  HAMMER 
No.  2-25  Test  No. -525  B. 

N.P.M.  22  S.P.M.  906 

Aug.l9th.  1903. 


Lab.Nc.627.54H  11 

Burlington  Route  Laboratory 

Aurora,  III. 

TEST  OF  AIR  HAMMERS 

1903. 

Fac-simile  Hammer  Record 

5  seconds. 

Report  Sept.  5th.  1903. 


Paper  moves  in  this  direction- 
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Each  "wave"  is  one  stroke 

Vertical  heiijht  of  each  wave  is  the  distance 

weight  is  lifted  multiplied  by  8. 


KP 


M 


-5  soconds- 
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Fig.  23. 


the  hammer  strike  upward  against  a  known  weight  adjusted  to  the 
size  of  the  hammer  and  to  autographically  record  the  distance  the 
weight  was  lifted.  The  weights  varied  from  about  40  to  15C 
pounds,  and  the  vertical  lift  was  multiplied  8  times  on  the  record. 
The  time  and  air  consumption  were  recorded  as  above  described, 
and  a  sample  of  one  of  the  records  obtained  is  shown  in  Fig.  23. 

12.  The  results  of  test  were  recorded  on  a  blank,  copy  of  which 
is  shown  in  Table  11. 

jSTo.  1  and  Xo.  2  are  gauge-pressure  readings  as  noted  by  an 
observer. 
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Makek  :  Air  TtHil  Co. 
Wkii;ht  :  22  Ibe. 
Wt.  Plunger  :  1  lb. 

Kehakkk : 


TABLE    II. 


Air  Hammer  Test. 

Name  op  Tool  :  Vulcan. 
Serial  Number  :  3171. 
DiAH.  Cylinder  :  IxV". 


Lab.  No.  621.54  H  12 
Test  501. 


Size  :  8. 
Cost  : 
Stroke  Inches  :  8. 


Date  :  7/22-03. 


Temperature  Atmosphere  :  87  deg. 


A 

B 

C 

D 

E 

F 

G 

H 

I 

1.  Press,  regervoir 

60 

60 

88 

29 

.271 
7.85 
39.2 

834 

120 
.004' 
.48 
.0^22 
3,200 

80 

80 

90 

24 

.269 
6.45 
40.8 

892 

120 
.0052' 
.624 
.01C8 
2,400 

100 

100 
90 
25 
.27 

6.75 
51.6 
964 
120 

.006' 

.72 

.021 

2,400 

120 

120 

91 

21 

.268 

5.63 

50.6 

1,000 

120 

.0065' 

.7818 

.02.30 

2,100 

2.      *•       at  tool 

8.  Temp.  comp.  air 

4.  Notches  per  min 

5.  Cu.  ft.  per  notch 

6.  Cu.  ft.  C.  A.  min 

7.  Free  air 

8.  Strokes  per  min 

9.  Weight 

10.  Distance  raii^ed 

11.  Ft.  lbs.  per  blow 

12.  Iloriie-power 

18.  "Seven"  per  H.-P 

(Signed) 


Obset-ver. 


BURLINCTON   ROl'TE  LABORATORY 
Ai.-itoRA.  III. 

TEST   OF   AIK    FIAMMERS, 

1908. 

Data  .Sheet. 
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No.  3  is  tlie  temperature  in  degrees  Fahrenlieit  of  the  com- 
pressed air  in  reservoir  No.  2  as  noted  by  an  observer. 

'No.  4  is  the  meter  contacts  or  notches  per  minute  as  obtained 
from  the  autographic  record. 

No.  5  is  the  cubic  feet  of  compressed  air  per  notch  as  obtained 
from  the  calibration  chart. 

No.  6  is  the  cubic  feet  of  compressed  air  per  minute  obtained 
by  multiplying  Nos.  4  and  5. 

No.  7  is  the  cubic  feet  of  free  air  per  minute  obtained  by  the 
same  formula  as  given  under  air  motors. 

No.  8  is  the  number  of  strokes  per  minute  obtained  from  the 
record  by  counting  the  strokes  made  in  one  minute. 

No.  9  is  the  pounds  of  the  weight  placed  over  the  hammer. 

No.  10  is  the  average  distance  in  feet  the  weight  was  raised  as 
obtained  from  the  record. 

No.  11  is  the  foot  pounds  of  effective  work  per  blow,  obtained 
by  multiplying  the  weight  in  pounds  by  the  distance  in  feet  it  was 
raised. 

No.  12  is  the  horse-power  of  the  hammer,  obtained  as  per  fol- 
lowing formula: 

^  p  _  ft.  lbs.  X  blows  per  min. 
33000 

No.  13  is  the  cubic  feet  of  free  air  per  minute  per  horse-power. 

13.  After  obtaining  the  results  of  test,  three  curves  were 
plotted  from  them  as  follows,  in  each  case  the  pounds  gauge  pres- 
sure being  plotted  as  abscissae  and  the  following  as  ordinates:  foot 
pounds  per  blow,  cubic  feet  of  free  air  per  minute  per  horse-power 
and  horse-power. 

14.  In  conclusion,  the  author  desires  to  express  his  special 
thanks  and  acknowledgments  to  Mr.  H.  F.  Wardwell,  who  did  the 
greater  part  of  the  work  in  making  the  designs  and  tests. 

DISCUSSION. 

Mr.  Frank  G.  Hoharf.- — The  method  here  described  of  arrang- 
ing the  hammer  to  strike  against  a  weight  and  basing  calculations 
upon  the  displacement  of  this  weight  would  seem  useful  only  for 
obtaining  comparisons  between  different  hammers. 

The  facsimile  diagTam  shows  a  movement  of  the  pencil  of  about 
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^  Inch,  corresponding  to  a  movement  of  the  weight  of  not  more 
than  -ix  inch.  With  this  small  movement,  together  with  the  long 
lever  reductions  between  the  weight  and  the  pencil,  the  high 
speed  and  the  various  questions  about  impact,  weight,  friction, 
etc.,  I  should  not  expect  the  figures  based  on  the  diagram  could 
be  accurate. 

Fig.  24  shows  two  diagrams  made  on  one  sheet  of  paper  by 
liV  X  6  inch  riveting  hammers  on  a  machine  which  we  are  using 
for  air-hammer  testing.  It  shows  the  number  of  blows  per  min- 
ute, length  of  stroke  of  the  pistons,  velocity  of  pistons  at  every 
portion  of  the  stroke  and  the  position  of  the  pistons  at  every  in- 
stant. Knowing  the  weight  of  the  piston,  its  velocity  at  impact 
and  the  number  of  blows  per  minute,  the  ability  of  the  hammer 
to  do  work  can  be  calculated.  •  The  effect  of  changes  of  port  areas 
or  other  details  of  the  hammers  is  very  clearly  shown  by  such 
diagrams. 

The  machine  consists  of  a  drum  driven  by  a  small  air  motor  at 
a  periphery  speed  of  about  2,000  feet  per  minute.  A  centrif- 
ugal governor  holds  this  speed  very  nearly  uniform,  and  a  paper 
wound  on  this  drum  receives  the  diagram.  The  hammer  is 
mounted  with  its  length  parallel  to  the  axis  of  the  drmn,  and  in 
such  position  that  a  slender  steel  rod  connects  the  piston  to  a 
pencil  slide  which  marks  the  position  of  the  piston  on  the  diagram. 
All  of  the  moving  parts  are  very  delicate  and  do  not  interfere,  so 
far  as  can  be  detected,  vdth.  the  action  of  the  piston.  The  ma- 
chine was  built  for  experimental  work  and  for  testing  hammers 
by  Fairbanks,  Morse  &  Co.  for  use  at  their  works  at  Beloit,  Wis. 

Mr.  M.  H.  Wickliorst.^ — Commenting  on  Mr.  Hobart's  re- 
marks, I  would  say  the  tests  were  made  for  the  purpose  of  com- 
paring the  various  hammers  on  the  market,  and  I  wish  to  correct 
his  impression  concerning  the  distance  the  weight  was  lifted  in 
the  tests.  The  sample  record  as  printed  is  only  a  little  over  one- 
fifth  size.  The  method  of  studying  a  hammer  which  he  describes, 
I  should  think,  would  be  decidedly  valuable  to  a  designer,  and 
am  very  glad  that  he  has  presented  to  the  Society  an  outline  of 
the  apparatus  and  the  sample  record. 

*  Author's  Closure  under  tlie  Rules. 
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A  METHOD  FOR  DETEnMINING  BATES  AND  PRICES  FOR 

ELECTRIC  POWER. 

BY   FRANK  B.   PERKT,   BOSTON,   MASS. 

(Junior  Member  of  the  Societj',) 

1.  That  the  future  will  show  a  rapid  growth  in  the  application 
of  electricity  to  industrial  pursuits,  operated  from  a  centrally 
located  steam-driven  electric  power  station,  has  led  me  to  present 
the  following  data  to  our  members,  many  of  whom  will  doubtless 
find  the  methods  suggested  applicable  to  their  own  interests. 
The  advent  of  driving  textile  and  other  mills  from  a  plant  of 
this  character  has  opened  a  question  for  discussion  as  to  the 
establishment  of  a  proper  basis  for  rates  to  be  charged  for  electric 
current  supplied  in  large  quantities. 

2.  The  contracts  drawn  up  by  electric  companies  with  their  cus- 
tomers sometimes  contain  a  clause  similar  to  the  following,  which 
is  given  for  the  purpose  of  illustration,  and  is  not  intended  to 
cover  any  specific  case:  For  a  period  of  years  from  date  the 
lessor  agrees  to  furnish,  and  the  lessee  to  receive  and  to  pay  for, 
within  the  times  and  on  the  terms  set  forth,  all  the  power  that 
may  be  required  to  properly  operate  and  light  his  plant.  The 
amount  of  power  to  be  determined  by  meter  readings,  and  to  be 
billed  monthly  at  the  rates  recited  below,  viz.: 

1,800  to  not  more  than  2,1G0  kilowatts  at  rate  of  $31.50  per 
kilowatt  per  annum; 

More  than  2,100  kilowatts  and  not  exceeding  2,520  kilowatts 
at  rate  of  $."50.00  per  kilowatt  per  annum; 

More  than  2,520  kilowatts  and  not  exceeding  2,700  kilowatts 
at  rate  of  $28.50  per  kilowatt  per  annum; 


•  f*r«ientf?d  at  the  New  York  meeting  (December,  1003)  of  the  American 
Sorifty  of  .Mechanical  Engineers,  and  forming  part  of  Volume  XXV.  of  the 
TrantactionB. 
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All  in  excess  of  2,700  kilowatts  at  rate  of  $27.60  per  kilowatt 
per  annum. 

3.  The  above  rates  are  based  on  an  annum  of  3,000  Hours. 
From  this  schedule  the  following  tables  are  derived :— 


TABLE  I. 

' 

Rate  per  Kw.        Equiv.  Ra* 

e  per  H.  P.          Rate 

per  Kw. 

Rate  per  H.  P, 

per  Anuum. 

per  Annum.                     per 

■  Hour. 

per  Hour. 

$31.50 

$23,499                   $ 

.0105 

$  .007833 

30.00 

22 

.38 

.0100 

.007460 

28.50 

21. 

.26 

.0095 

.007087 

27.60 

20.5896 

.0092 

.006832 

TABLE   n. 

Kilowatts  Used, 

Cost  per  Annum. 

Cost  per  Month. 

1,800 

$56,700.00 

$4,725.00 

2,160 

68,040.00 

5,670.00 

2,161 

64,830.00 

5,402.50 

2,268 

68,040.00 

5,670.00 

2,520 

75,600.00. 

6,300.00 

2.521 

71,848.50 

5,987.37 

2,652.7 

75,601.95 

6,300.16 

2,700 

76,950.00 

6,412.50 

2,701 

74,547.60 

6,212.30 

Table  I.  is  self-explanatory.  An  examination  of  Table  11. 
shows  plainly  the  faults  that  exist  in  a  schedule  such  as  that 
usually  followed. 

4.  By  using  2,161  kilowatts,  or  one  additionalkilowattmorethan 
2,160  kilowatts,  a  yearly  saving  of  $3,210  may  be  made;  similarly 
an  increase  of  one  kilowatt  above  2,520  kilowatts  effects  a  reduc- 
tion of  $3,751.50  per  annum,  and  one  extra  kilowatt  over  2,700 
kilowatts  lessens  the  yearly  expense  by  $2,402.40. 

5.  While  these  figures  show  the  points  in  the  schedule  at  which 
the  greatest  saving  may  be  made,  many  other  quantities  which 
are  given  in  a  later  table  illustrate  equally  well  the  irregularity 
of  prices  based  on  such  a  list  of  rates.  The  inconsistency  of  this 
method  is  further  shown  by  the  fact  that  2,268  kilowatts  cost  the 
same  as  2,160  kilowatts,  or  108  kilowatts  may  be  utilized  without 
any  increase  in  expense  to  the  consumer.  The  price  is  also  prac- 
tically the  same  for  2,652.7  kilowatts  as  for  2,520  kilowatts, 
which  indicates  that  any  number  of  kilowatts  between  these  limits 
may  be  used  without  additional  cost  to  the  person  buying  power. 

6.  It  would  appear  from  these  figures  that  the  electric  company 
makes  more  profit  at  some  places  in  the  schedule  than  at  others, 
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and  on  that  account  could  furnish  certain  amounts  of  power 
gratis.  Of  course,  this  is  not  true,  but  tends  to  convince  one  of 
the  absurdity  of  the  system  that  is  customarily  used  by  central 
electric  station?.  It  is  also  evident  that  the  customer,  if  he 
were  so  disposed,  might  watch  his  meter  and  so  adjust  his  con- 
sumption of  current  as  to  bring  about  a  substantial  decrease  in 
his  bill  lor  the  month,  i  or  example,  he  might  install  a  few  extra 
machines  that  would  serve  not  only  to  increase  his  product  but 


1        1        1        i 
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Fig.  25. 


would  also  be  the  means  of  diminishing  his  bill.  As  an  extreme 
case,  the  use  of  one  additional  kilowatt  would  bring  about  this 
ff^sult.  It  also  might  prove  economical  to  burn  electric  lights 
during  the  day  in  order  to  increase  the  current  consimiption. 

7.  Both  of  these  examples  mentioned  serve  as  illustrations  of 
the  fact  that  it  is  within  the  consumers  jurisdiction,  by  the  terms 
of  his  agreement,  to  use  power  advantageously  with  a  resultant 
financial  loss  to  the  electric  company.  While  such  a  procedure 
may  be  perfectly  legitimate,  it  would  be  fairer  to  all  concerned 
to  prevent  contingencies  of  this  kind  from  arising,  and  at  the 
same  time  to  provide  a  system  of  rates  which  would  be  to  the 
mutual  interest-s  of  both  parties. 

8.  The  horizontal  line.s  on  Chart  Xo.  1,  Fig.  25,  indicate  the  rates 
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for  power,  and  the  diagonal  lines  represent  the  price  per  month  for 
electric  current  covering  the  entire  range  of  the  above  mentioned 
schedule.  The  latter  lines  show  at  a  glance  the  unfairness  of  the 
system,  and  prove  conclusively  that  rates  cannot  be  adjusted 
properly  on  the  customary  basis. 

9.  The  subsequent  discussion  is  intended  to  give  a  method  for 
rearranging  a  schedule  of  rates  based  on  the  "  step-system/'  and 
for  convenience  the  aforesaid  figures  will  be  used.  The  principles, 
however,  may  be  applied  to  any  other  rates  made  up  in  a  similar 
manner. 

10.  Referring  to  Table  II.  and  applying  the  well-known  formula 

(a  +  Q  — ,     giving  the  sum  of  the  terms  of  an  arithmetical  pro- 

gression  we  obtain  for  each  step,  assuming  a  common  difference 
of  one  kilowatt,  the  following  figures: 

Value  of  "  a."  Value  of  "  /."  Value  of  "  ?i." 

(I)  2,161  -  2,520  kw $64,830.00  $75,600  360 

(2)2,521-2,700    " 71,848.50  76,950  180 

11.  The  value  of  ^^  a,"  or  the  first  term  of  the  series  represents 
the  product  of  2,161  kilowatts  by  its  rate  per  kilowatt  per  annum. 
In  a  similar  way  the  other  terms  of  the  series  are  obtained,  "  Z,'' 
indicating  in  each  case  the  last  term  and  '''  n ''  the  number  of 
terms. 

12.  Since  the  rate  is  constant  from  1,800  to  2,160  kilowatts,  we 
will  compute  simply  the  sum  of  the  series  beginning  at  2,160 
kilowatts. 

Sum  of  (1)  =  (64,830      +  75,600)  180  =  $25,277,400 

«'     "    (2)  =(71,848.5  +  76.950)    90=    13,391,865 

2,160  kw.  at  $31.50  =  68,040 

(3)  Total  sum  of  two  series  =  $38,737,305 

13.  With  a  varying  rate  of  power,  diminishing  in  a  fixed  ratio 
between  any  two  amounts,  it  is  possible,  by  the  substitution  of 
proper  quantities  in  an  equation  herein  deduced  by  the  writer, 
to  compute  the  value  of  the  sums  of  the  product  of  each  suc- 
ceeding kilowatt  by  its  corresponding  rate. 

14.  The  horizontal  spaces  of  the  charts,  or  abscissae,  represent  in 
terms  of  kilowatts,  a  progressive  increase  in  each  successive 
number  by  the  addition  of  any  desired  equal  amount. 
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Let  (d)  =  1st  terra.     (/)  =  last  term,     {d)  =  comraon  difference 
(w)  =  number  of  terms,     (s)  =  sura  of  terms. 
Then  1st  terra  =  a, 


2d 

u 

=  a 

4- 

^, 

:kl 

a 

=  a 

+ 

2d, 

4th 

u 

=  a 

+ 

Sd, 

I 

—  a 

+ 

{n- 

l)d, 

s 

=  {a 

+ 

'^2 

15.  The  vertical  spaces  of  charts,  or  ordinates,  represent  in  terms 
of  rates  per  kilowatt  annum,  or  per  kilowatt  hour,  a  progressive 
decrease  in  each  successive  number  by  the  subtraction  of  any 
chosen  equal  quantity. 

Let  (h)  =  1st  term.    {I)  =  last  term.    (?•)  =  common  difference. 
(/)  =  sum  of  terms,     {jn)  =  number  of  terms. 
Then  1st  term  =  h, 


2d 

u 

=  h 

-^j 

3d 

u 

=  h 

-2r, 

4th 

u 

=  h 

-Sr, 

A: 

=  1 

—  {m  — 

■l)r, 

t 

=  {h 

16.  Multiplying  the  corresponding  terms  of  these  two  series,  we 
obtain  the  following: — 

(4)  Product  of  1st  term  =  ah, 

(5)  "        "  2d      "     ={a  +  d){h-  r), 

(6)  "        ''  3d      "     =  (a  +  2d)  {h  -  2r), 

(7)  "        "  4th    "     =  {a  +  3d)  {h  -  Sr), 

(S)        «        ''  last    "     =  \a  +  (n  -  l)d\  \h  -  (m  -  l)r]. 

17.  Adding  these  products,  and  developing  the  quantities  en- 
closed in  parenthesis,  we  obtain  for  the  sum  of  1st  and  2d  terms 
designated  (4)  and  (5). 

{A)  Sum  of  products  1st  and  2d  terms  =  2ah  +  hd  —  ar  —  dr, 

AC. .u-  ,   .              ,.      ,      2                  ^ah  +  2hd  -  2ar  ~  2dr 
Multiply mg  equation  by  -  = . 

"A  Z 

Substituting  values  ti  =  2  and  m  =  2  in  the  above,  we  find 
I  A    _  2ahn  +  hdii  —  arm,  —  drrn 
)  2 

=  'f!2.fC.-lK}-^'(a+^. 


RATES   AND   PRICES   FOR    ELECTRIC    POWER.  125 

18.  In  a  similar  manner  (B)  =  sum  of  (1),  (5)  and  (6), 
and  (C)  =     "     -  (4),  (5),  (6)  and  (7), 

(^)  =  y  {  2a  +  {n  -l)d]-  '^^{^a  +  Sid), 
{C)=j^2a  +  {n-  l)d  I  -"^{Sai-  7d). 

19.  Comparing  equations  (A)^  (B)  and  (C),  we  find  that  tliej  are 
alike  in  all  respects  excepting  the  coefficients  of  "  a  *'  and  "  d  " 
of  the  negative  terms. 

20.  Substituting  these  values,  viz.,  for  coefficient  of  '*  a  "  (m  —  1), 

and  for  coefficient  of  "  <^ "   j  -  (m  —  2)  +  1  >   ]  ?m  —  1  [ ,  we  have 

for  the  sum  of  any  number  of  products  containing  "ti"  and  "m" 
terms 

Total  sum  =  -^  \  2a  +  {71  —  l)d  [ 

-  ^  {  ^  +  [|(m  -  2)  +  1]^  }   {  m  -1  j  . 
{D)      "  =  _  ((3^  +  r) ^^ ^  I  a  +  g  (2m  -  1)  I  . 

21.  In  order  to  apply  this  formula  to  the  case  in  question,  let  us 
consider  the  rate  as  beginning  at  $31.50  per  kilowatt  per  annum 
for  2,160  kilowatts  and  varying  in  amount  to  $27.60  per  kilowatt 
per  annum  for  2,700  kilowatts.  By  so  doing,  we  preserve  the 
limiting  features  of  the  schedule  both  for  rates  and  for  the  quan- 
tities at  which  they  are  applicable.  Since  the  successive  steps 
in  the  first  mentioned  schedule  show  an  even  decrease  in  rate 
for  equal  increments  of  power  up  to  2,520  kilowatts,  it  is  safe  to 
assume  that  a  list  of  rates  may  be  made  up  to  vary  uniformly 
from  2,160  to  2,520  kilowatts  and  regularly,  but  at  a  different 
rate,  from  2,520  to  2,700  kilowatts. 

22.  Let  X  =  rate  per  kilowatt  per  annum  for  2,520  kilowatts. 


ai  =  2,160 
h,  =  31.50 

a^  =  2,521 

1)2  =  X 

^.  =  1 

I,  =  2,520 
•     _  (31.5  -  x) 

'           360 

d]  =  l 

I2  =  2,700 

{x  -  27.6) 
''^  ~        180 

wi  =  361 

^2  =  180 

TTll  =  361 

m2  =  180 
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23.  Substitutinii'  these  respective  values  in  equation  (D)  gives 

31.5  X  361  ,  _  (81.5-^)  X  361x360) 

/>,  = 2 ^-'^^ ^  "^  ''  ^  ^  2  X  360 

|2,160  +  i  (722  -  l)i . 

r^       l^^^-^  o  ^o,    ,  o  -AAN      ('^  -  27.0)  X  180  X  179 
A  =  -2-  12..>21  +  2,. 00)  -  ^ ^—^^- 

1 2,521  +i(360-l)S 

From  the  above, 

^  _  159,655,860  -  81.886,171.5  +  2,599.561aj 


D,= 


6 

2,819,340g;  -  l,418,03$a;  +  39,137,848.8 
6 


24.  Then  in  order  to  fulfill  the  conditions  of  the  first  named 
schedule,  Z?i  +  D2  must  equal  (3)  or 

D^^  D^^  38,737,305. 
Substituting  values  of  D^  and  D^  and  solving, 

4,000,863a?  =  115,516,292.7 

X  =  28.872. 

25.  This  value  of  '^  x  *'  substituted  in  expressions  for  rates  giv?s 
T-j  =  $.0073  and  r-^  =  §.00 706 §  as  the  variations  in  charges  for 
each  kilowatt  per  annum  from  2,160  to  2,520  kilowatts,  and  from 
2,520  to  2,700  kilowatts  respectively. 

26.  The  rates  per  kilowatt  hour  become  /"i  =  $.0000024J,  r^  — 
$.0000023^;  for  30  kilowatts  hours,  n=  $.000073  and  r^  = 
$.0000706;:;.. 

27.  Using  this  system  as  a  basis  for  rates,  the  wording  of  the 
agreement  for  power  would  be  changed  to  read  as  follows : 

*  The  charge  for  electric  current  furnished  under  this  contract 
shall  \)0  made  a-  per  the  chart  attached  hereto,  and  made  a  part 
hereof.'' 

28.  The  line  plotted  on  Chart  Xo.  2,  Fig.  26,  indicates  the  rates 
per  kilowatt  per  annum  wliich  would,  in  this  instance,  replace  the 
original  schedule  as  given  by  Chart  No.  1,  Fig.  25. 
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29.  The  results  obtained  by  following  these  lines  of  rates  neces- 
sarily gives,  on  account  of  the  above  reasoning,  the  same  average 
price  per  mouth  as  that  computed  by  the  "  step  "  system.  Chart 
No.  3,  Fig.  '21,  is  an  cxaHii)le  of  the  form  of  chart  which  would  be 
embodied  in  a  contract  for  electric  power  in  order  to  meet  the 
rates  outlined  in  the  original  agreement.  It  also  gives  an  idea 
of  the  simplicity  of  interpreting  rates  and  prices  for  power  by 
making  use  of  the  scheme  proposed. 

30.  line  No.  1  is  drawn  through  points  plotted  in  accordance 
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Fig.  28. 


with  the  rates  specified  on  Chart  No.  2,  Fig.  26;  the  ordinates  being 
equal  to  rates  per  kilowatt  hour  and  the  abscissae  representing  kilo- 
watts. From  1,800  kilowatts  to  2,160  kilowatts  and  above  2,700 
kilowatts  the  rate  is  constant  at  $.0105  and  $.0092  per  kilowatt 
hour  as  respectively  indicated  by  the  horizontal  portions  of  the 
line.  From  2,160  to  2,520  kilowatts  the  rate  diminishes  in  a 
fixed  ratio  for  each  additional  kilowatt  used,  namely,  from 
$.0105  to  $.010062  per  kilowatt  hour;  also  from  2,520  to  2,700 
kilowatts  the  rate  diminishes  uniformly,  but  not  so  rapidly  as 
iH-tween  the  points  previously  stated,  from  $.010062  to  $.0092 
per  kilowatt  hour.     It  will  be  noted  that  the  ordinates  may  be 
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read  easily  tOxoVuof  a  cent  per  kilowatt  hour  and  the  abscissae  to 
3  kilowatts  without  estimating  fractional  di\dsion  of  the  spaces. 

31.  Line  'No.  2  is  deduced  from  the  foregoing,  and  by  its  means 
one  may  determine  at  a  glance,  knowing  the  wattmeter  reading, 
the  amount  of  each  month's  bill  for  power  consumed. 

32.  The  lower  line  of  figures  on  the  chart  represent  meter  read- 
ings in  kilowatt  hours  divided  by  one  hundred.  These  quantities 
are  computed  by  multiplying  the  kilowatt  readings  by  250,  the 
average  hours  per  month,  or  yV  the  total  for  the  year  as  limited  by 
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Fig.  29. 


the  contract.  Two  ciphers  are  omitted  from  these  results  to  avoid 
repetition  of  figures.  To  obtain  the  bill  per  month,  find  the 
number  on  chart  corresponding  to  that  recorded  by  the  watt- 
meter, and  note  the  point  vertically  over  same  on  line  No.  2. 
In  the  column  at  the  right-hand  side  of  the  chart,  horizontally 
opposite  this  intersection,  will  be  found  the  price  of  bill  for 
the  amount  of  power  in  question.  The  abscissae  may  be  read 
accurately  to  750  kilowatt  hours  and  the  ordinates  to  $5  for  the 
corresponding  spaces,  and  by  estimation  of  tenths  these  differences 
may  be  proportionately  reduced. 

33.   Charts  Xo.  4  to  Xo.  8  (Figs.  28  to  32)  inclusive  are  similar 
to,  and  may  be  considered  as  supplementary  to  chart  No.  3.   Each 
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chart  iiK'liules  a  section  of  180  kilowatts  or  J  of  the  entire  range 
from  1,800  to  2,700  kilowatts. 

34.  lines  No.  3  and  No.  4  indicate  prices  for  power  up  to  and 
including  2,160  kilowatts  at  a  constant  rate  of  $31.50  per  kilo- 
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watt  f)or  annum,  or  $.0105  per  kilowatt  hour.    Lines  No.  5,  No.  7 
and  No.  9  represent  rates 


varying  respectively  from  $31.50    to  $30,186  per  kw.  per  annum. 
'•'  "  "        30.186  "     28.872    "     "      "       " 

u  u        28.872  "     27.60      "     "      "       " 

or  from  $.0105       to  $.010062  per  "      "      hour. 

.010062    ''      .009624 
.009624    "      .0092 


u     a 


35.  Lines  No.  6,  No.  8  and  No.  10  show  prices  per  month  for 
p<jwer,  varying  in  the  order  given  from  2,160  to  2,340  kilowatts, 
from  2,340  to  2,520  kilowatts  and  from  2,520  to  2,700  kilowatts. 
Each  of  the  spaces  on  the  charts  No.  4  to  No.  8  inclusive  occupied 
by  the  abscissae  represent  1  kilowatt  or  250  kilowatt  hours  as  the 
cane  may  be,  conserpjcntly  are  well  within  the  limit  that  it  is  pos- 
sible to  read  a  recording  wattmeter  of  3,000  kilowatts  capacity. 
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36.  Greater  accuracy  is  also  attainable  in  determination  of  rates 
per  kilowatt  hour  or  the  total  bill  for  the  month.  This  may  be 
carried  to  a  still  further  degree  of  refinement  by  an  increased  sub- 
division of  the  amounts  of  power  and  their  accompanying  rates. 
The  principles  enumerated  may  be  applied  equally  well  to  a 
given  list  of  powers  with  any  predetermined  rates.  The  Table 
III.  is  presented  to  show  the  comparison  of  prices  per  month  that 
would  be  paid  for  various  amounts  of  power  by  the  original  agree- 
ment, and  also  by  the  lines  illustrated  on  charts  No.  3  to  No.  8 
inclusive  (Fig.  27  to  32). 

TABLE  in. 


Equiv- 
alent 

Kws. 

Kw.  Hrs. 
per  month 

H.  P. 

of 
250  Hrs. 

2,894.1 

2,160 

540,000 

2,935.7 

2,190 

547,500  ; 

2,977.2 

2,2-20 

555,000 

3,016.1 

2,250 

562,500 

3,056.3 

2,280 

570,000 

3,096.5 

2,310 

577,500 

3,136.7 

2,340 

585,000 

3,176.9 

2,370 

592,500 

3,217.2 

2,400 

600.000 

3,257.4 

2,430 

607,500 

3,297.6 

2,460 

615,000 

3,337  8 

2,490 

622,500 

3,378.0 

2,520 

630,000 

3,418.2 

2,550 

637,500 

3,458.4 

2,580 

645,000 

3.498.6 

2.610 

652.500 

3,538.8 

2.640 

660,000 

3,579.1 

2,670 

667,500 

3,619.3 

2,700 

675,000 

Total. 


Rate  per 
Kw.  Hr. 


Monthly  Bili,- 


,0105 

.010427 

.010354 

.010281 

.010208 

.010135 

.010062 

.009989 

.009916 

.009843 

.00977 

.009697 

.009624 

.00955H3i 

.0094826 J 

.009412 

.0093413^ 

.0092706 J 

.0093 


By  Chart. 


$5,670.00 

5,708.78 
5,746.47 
5,783.06 
5,818.56 
5.852.96 
3,886.27 
5,918.48 
5,949.60 
5,979.62 
6.008.55 
6,036.38 
6,063.12 
6.090.25 
6,116.32 
6.141.33 
6,165.28 
6,188.17 
6,210.00 


$113,333.20 


By  Schedule. 


$5,670.00 
5,475.00 
5,550.00 
5,625.00 
5,700.00 
5,775.00 
5,850.00 
5,925.00 
6,000.00 
6.075.00 
6,150.00 
6,225.00 
6,300.00 
6,056.25 
6,127.50 
6,198.75 
6.270  00 
6,341.25 
6,412.50 


$113,726.25 


Difference. 


+ 
+ 

-f- 
+ 

+ 


-  $233.78 

-  196.47 

-  158.06 

-  118.56 

-  77.96 

-  36.27 
6.52 

50.40 

95.38 

141.45 

188.62 

236.88 

34.  CO 

11.18 

57.42 

104.72 

153.08 

202.50 


-  $393.05 


37.  Referring  to  the  tabulation,  one  may  observe  that  between 
2,190  and  2,370  kilowatts,  the  chart  gives  figures  higher  than 
the  schedule,  while  from  2,370  to  2,520  kilowatts  the  monthly 
bills  are  lower.  As  pre\T[ously  stated  above,  the  average  is  prac- 
tically the  same.  The  last  line  of  the  table  shows  that  for  the 
points  taken  the  discrepancy  between  the  chart  and  the  schedule 
amounts  to  about  jVoV  <^f  1  per  cent.  This  difference  would  be 
lessened  by  choosing  smaller  sub-divisions  and  would  finally 
amount  to  zero  when  the  points  are  taken  at  1  kilowatt  intervals. 
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Of  course,  if  the  meter  should  indicate  a  use — say  of  2,520  kilo- 
watts per  month  considerably  more  would  be  paid  to  the  central 
station  by  the  chart  system  than  by  the  schedule.  It  is  equally 
true  that  there  are  points  on  the  chart  lines  where,  if  the  meter 
should  read  the  proper  amount,  the  bill  would  be  less  than  by 
the  schedule. 

38.  The  convenience  of  this  rfiethod  in  determining  the  value  of 
bills  rendered  each  month  should  be  appreciated  both  by  the 
electric  company  and  by  the  user  of  current.  There  is  no  con- 
flicting of  rates  or  prices  \yiih.  such  a  system,  and  .bills  increase 
gradually  and  consistently,  as  they  ought,  in  proportion  to  the 
amount  of  power  used.  This  method,  which  is  equally  fair  to 
producer  and  to  consumer  has,  to  the  best  of  my  knowledge, 
not  been  used  up  to  the  present  time  by  any  Central  Electric 
Station  for  finding  costs  of  current  where  varying  rates  per  kilo- 
watt annum  or  per  kilowatt  hour  are  involved. 

39.  These  ideas  are  submitted  with  the  belief  that  their  adoption 
will  bring  about  more  satisfactory  results  than  can  ever  be  realized 
by  a  continuance  of  the  so-called  "  Step  ''  system  of  rates. 


DISCUSSION. 

Mr.  B.  S.  Hale. — Mr.  Perry's  illustration  is  nothing  more  or 
less  than  the  usual  scheme  of  discount  based  upon*  quantity,  al- 
though it  is  stated  in  figures  per  kilowatts.  That  is,  he  might 
set  a  price  of  $31  per  kilowatt  up  to  $60,000  per  year  and  there 
would  be  no  discount;  above  that  there  would  be  5  per  cent,  dis- 
count, and  so  on.  The  bad  feature  of  this  plan  is  that  it  permits 
the  use  of  a  little  more  current,  in  some  cases,  actually  to  reduce 
the  bill,  which  is  taken  care  of  in  most  electric  companies  by  pro- 
viding that  the  customer  need  in  no  case  pay  more  than  if  he  had 
actually  used  the  amount  necessary  to  obtain  the  higher  discount. 
This,  of  course,  is  equivalent  to  making  no  charge  for  some  of 
the  current  used.  In  other  cases — as,  for  instance,  the  Chicago 
Edison  Company — ^the  contract  provides,  '^  Intermediate  discounts 
to  be  determined  by  interpolation '' ;  and  this  gives,  I  understand, 
no  trouble  in  practice.  It  is  of  course  practically  just  the  method 
that  Mr.  Perry  suggests.  The  best  way,  however,  is  what  is 
known  as  the  block  system :  By  selling  the  first  2,000  kilowatts  at 
say  $41  each;  the  next  700  kilowatts  at  $29  each,  making,  how- 
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ever,  no  reduction  on  tlie  first  2,000;  the  next  200  might  be  sold 
at  $L*^  eaeli,  and  so  on.  'J'he  proper  average  rate  can  be  obtained 
ill  this  way. 

The  most  imiH)rtant  feature,  however,  in  determining  rates  is 
entirely  omitted  by  Mr.  Perry,  and  depends  on  the  difference  be- 
tween kiK)watts  and  kilowatts  hours.  Thus  2,000  kilowatts  used 
for  3,000  hours  is  six  million  kilowatts  hours,  and  a  price  of  $30 
per  kilowatt  is  one  cent  })er  kilowatt  hour.  If  now  the  amount 
should  be  determined  by  a  kilowatt  hour  meter,  the  customer 
might  use  the  six  million  kilowatt  hours  during  only  1,500  hours 
oi  the  year,  using  -t,000  kilowatts  during  that  time;  the  kilowatt 
hour  meter  would  still  show  six  million  kilowatt  hours  as  before, 
but  the  central  station  would  have  to  have  twice  the  investment  in 
engines,  dynamos,  boilers  and  so  forth,  that  it  would  have  to  have 
if  the  current  was  used  during  3,000  hours,  and  the  central  sta- 
tion would  lose  money.  If,  on  the  other  hand,  the  customer  used 
the  six  million  kilowatt  hours  during  20  hours  per  day,  or  6,000 
hours  per  year,  using  day  and  night  service,  the  central  station 
would  require  only  1,000  kilowatts  of  machinery,  only  half  the 
investment  and  outlay,  and  would  make  a  much  greater  profit. 

There  are  a  great  many  systems  in  use  by  central  stations  for 
taking  care  not  only  of  the  feature  that  makes  the  argument  for 
Air.  Perry's  paper,  but  other  important  features  that  must  be  con- 
siderccl  when  a  central  station  makes  its  rates.  At  I^iagara  Falls 
the  j)ublishe<J  rates  were  $1  per  kilowatt,  based  on  the  maximum 
taken,  or  the  minimum  power,  that  the  customer  used  at  any  one 
time,  corresponding  to  the  amount  of  machinery  the  company 
had  to  keep  ready  for  that  customer,  and,  in  addition,  2  cents  per 
kilowatt  hour  for  the  current  used  up  to  1,000  kilowatt  hours,  IJ 
cent  per  hour  for  the  next  1,000  kilowatts  hours,  Ijq  of  a  cent 
for  the  next  1,000  kilowatts  hours,  and  so  on.  These  illustrate 
ordy  one  of  the  many  methods  that  have  been  used  in  determining 
the  charges  for  electric  light  and  power. 

Prof.  ir.  TT.  Cros7/y:'^' — At  Woburn,  Mass.,  a  system  was  de- 
viscMl  by  'y\r.  L.  P.  Wallis,  at  that  time  General  Manager  of  the 
electric  light  plant,  called  by  him  "  The  Foresee  (4-C)  System  of 
Charging/'  which  is  interesting.  In  this  system  each  customer 
paid  certain  union  charges  based,  first,  on  capacity  demanded  and, 
second,  current  u.sed.     The  name  was  suggested  from  the  follow- 


*  Submitted  after  adjournment. 
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ing  sentence :  ^^  A  Capacity  Charge  and  a  Current  Charge/'     The 
capacity  charge  was  figured  as  follows : 

F  =  Fixed  charges  per  annum  on  unit  cost  of  plant. 
JV  =  Xumber  of  sixteen-candle-power  lamps  per  unit. 
O  =  Average  "  capacity  charge  "  per  annum  per  sixteen-can- 
dle-power lamp. 
F 

The  following  quotation  from  the  paper  delivered  by  Mr. 
Wallis  before  the  Xational  Electric  Light  Association  in  1901 
explains  the  system  further : 

''After  obtaining  the  average  capacity  charge  per  sixteen-candle- 
power  lamp,  tlie  minimum  and  maximum  charge  per  lamp  is  easily 
determined,  and  a  sliding  scale  between  the  minimum  and  maxi- 
mum is  readily  made  that  will  result  in  an  equitable  distribution  of 
the  fixed  charges  among  the  various  customers.  While  it  is  per- 
fectly consistent  to  expect  the  customer  to  reimburse  the  station 
for  all  the  fixed  charges  that  it  has  to  meet  to  furnish  him  with 
the  service  he  requires,  the  proposition  is  only  to  insure  the  sta- 
tion against  loss  in  carrying  capacity  for  him,  and  to  secure  this 
protection  it  is  not  necessary  to  charge  the  full  amount  shown  as 
being  the  total  fixed  charges,  as  the  object  is  accomplished  when 
a  large  proportion  of  the  fixed  charges  are  guaranteed. 

''  The  probable  fact  that  all  of  the  consumers  will  not  demand 
their  maximum  contracted  capacity  at  the  same  time  should  be 
taken  into  consideration  in  establishing  the  capacity  tariff,  but 
should  not  be  made  the  basis  for  individual  concessions." 

The  capacity  schedule  is  made  up  on  the  basis  of  the  number 
of  lamps  demanded  on  a  yearly  rate  and  a  monthly  rate.  There 
is  also  a  schedule  of  rates  from  October  to  June,  and  then  for 
June  to  October,  this  latter  charge  being  less  than  the  charge  for 
winter  months.  I  may  add  that  in  the  practical  working  of  the 
system  I  found  that  as  a  customer  there  was  much  to  commend  it. 

Mr.  Perry r — Eeplying  to  Mr.  Hale's  remarks,  I  wish  to  say 
that  the  contract,  which  contained  rates  similar  to  those  chosen 
for  the  illustration  in  the  paper,  included  no  clause  of  any  kind 
which  would  produce  a  discount  or  reduction  in  bills  other  than 
tliat  covered  by  the  schedule  itself.  The  omission  from  the  con- 
tract of  the  usual  proviso,  which  stipulates  that  ^'  the  customer 

*  Author's  Closure  under  the  Rules. 
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sliall  not  he  billoJ  a  loss  amount  for  the  use  of  a  larger  quantity 
of  curivnt,  alhulod  to  by  Mv.  ITale,  has  in  this  case  served  to  bring 
out  even  more  strongly  the  existing  fault  in  the  present  '^  dis- 
count system."  With  the  latter  it  is  a  fact,  as  pointed  out  by  Mr. 
Hale,  that  no  charge  is  made  for  some  of  the  current  used.  There 
is,  therefore,  something  radically  wrong  with  the  system  on  ac- 
count of  this  inconsistency,  which  could  not  possibly  occur  with 
the  "  chart  system." 

To  make  the  defect  more  apparent,  the  following  figures  are 
interesting,  because  they  indicate  what  ordinarily  happens  in 
applying  the  ^^  discount  system.''  This  data  w^as  given  me  by 
a  gentleman  who  formerly  operated  a  5  horse-power,  500  volt, 
direct  current  motor  from  a  central  station  circuit.  The  mini- 
mum charge  per  month  in  this  instance  was  $3,  and  the  base  rate 
was  10  cents  per  horse-power  hour.     Here  are  some  of  the  bills : 

(1)  April   1st  to  April  24th,  211  horse-power  hours,  discount  30  p.  c $14.77 

(2)  "    24th  "  May  27th,  310  "  "  "        40    "    18.60 

(3)  Mav  27th  "  June  25th,  192  *'  '*  "        20    "    15.36 

(4)  June  25th  "  July  28th,  247  '*  '*  "        30    "    17.29 

6)  July  28th  "  Aug.  27th,  194  "  "  "        20    "    15.52 

Comparing  bill  Xo.  1  with  bill  Xo.  5,  it  is  noticeable  that  a 
current  consumption  equivalent  to  17  horse-power  hours  less  was 
used  in  the  latter  case,  although  the  total  cost  for  so  doing  was 
75  cents  more  than  in  the  first  instance.  Item  'No.  2  indicates 
that  during  this  period  about  25  per  cent,  more  current  was  con- 
sumed than  in  the  time  covered  by  bill  No.  4,  although  the  in- 
crease in  cost  was  approximately  only  8  per  cent.  The  quantities 
of  current  considered  in  the  paper  are  much  larger,  consequently 
the  inconsistencies  are  more  marked;  the  principle,  however,  is 
the  same  in  both  cases. 

The  title  of  the  ])apc'r  may  be  misinterpreted,  since  it  is  mis- 
lfa«1ing;  the  text  indicates,  however,  that  it  is  not  intended  to 
sn^rgest  a  method  for  establishing  the  original  basis  for  the  rates. 
On  the  assumption  that  these  have  been  fixed,  the  paper  illus- 
trates, by  means  of  charts,  a  method  for  determining  rates  per 
kilowatt  liour  and  prices  per  month  for  electric  current.  No  at- 
tempt lias  ])een  made  to  define  what  elements  should  be  consid- 
ered in  finding  the  cost  of  central  station  operation  for  the  pur- 
p^-tse  of  prof)f'rly  adjusting  the  rates.  These  vary  with  local 
conditions  aiMJ  must  be  carefully  worked  out  in  every  individual 
cose.     Assuming  tlie  cost  to  have  been  found  in  any  specific  case 
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for  producing  electric  current  in  small  quantities,  as  well  as  for 
successively  larger  amounts  up  to  the  total  normal  capacity  of  tlie 
plant,  I  maintain  that  rates  may  be  arranged  consistently  in  pro- 
portion to  the  current  output  without  the  use  of  the  discount 
sheet.  This  result  may  be  brought  about  by  the  ''  chart  system," 
which,  w^hen  once  applied  to  meet  the  conditions  of  any  plant,  is 
free  from  the  objectionable  features  now  existing.  In  most  in- 
stances the  rates  Avould  be  expressed  by  cun^ed  lines  instead  of 
by  straight  lines  as  shown  in  Figs.  25  to  32  inclusive.  In  order 
to  avoid  confusion,  it  would  possibly  be  better  to  omit  the  rate 
curve  from  the  chart  issued  to  the  customer,  since  that  of  greater 
importance  is  the  one  from  which  monthly  bills  may  be  deter- 
mined at  a  glance. 

It  is  customary  in  nearly  all  contracts  to  insert  a  clause  which 
specifically  states  the  minimum  monthly  charge  which  the  cus- 
tomer is  obliged  to  pay  to  the  central  station.  In  view  of 
this  fact,  and  since  all  recording  w^attmeters  indicate  kilowatt 
hours,  it  is  evident  that  a  central  station  would  have  to  make 
a  special  contract  covering  the  unusual  conditions  of  operation 
discussed  by  Mr.  Hale.  The  subject  considered  is  not  due  to 
any  misapprehension  of  facts  or  to  a  lack  of  knowledge  of  the 
usual  forms  of  contracts  made  by  central  stations.  The  case 
discussed  was  not  assumed,  but  was  met  with  in  actual  practice, 
although,  as  stated  above,  the  rates  and  quantities  were  slightly 
altered  for  obvious  reasons.  It  may  be  that  I  have  been  pre- 
sumptuous in  calling  attention  to  inconsistencies  of  a  system  which 
is  ahnost  universally  followed  and  with  which  every  one  is  more 
or  less  familiar.  The  fact  that  this  system  is  acknowledged  to 
be  faulty  in  practical  operation  is  sufficient  reason  for  its  displace- 
ment if  some  better  and  more  coherent  method  may  be  devised. 
The  discussion  which  the  paper  has  merited  has  bonie  out  my 
contention  that  the  "  discount  system ''  is  an  unfair  one,  conse- 
quently is  open  to  improvement.  Graphical  or  diagTammatic 
representation  has  long  since  been  recognized  as  giving  solutions 
quickly  and  nearly,  if  not  quite,  as  accurately  as  methods  involv- 
ing mathematical  computation,  and  I  am  yet  to  be  convinced  that 
this  system  is  unworthy  of  consideration  as  a  satisfactory  substi- 
tute for  the  "  discount ''  or  "  step  system.- ' 

Note. — The  original  charts  were  made  on  laboratory  cross  section  paper  con- 
taining ten  more  spaces  horizontally  and  vertically  than  the  squares  reproduced 
in  Figs.  25  to  32  inclusive.  Paragraphs  30,  32  and  85  should  be  interpreted  with 
this  understanding  in  mind  ;  otherwise  it  will  appear  that  the  text  is  incorrect. 
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AN  IMPROVEMENT  IN   VALVE-MOTION  OF  DUPLEX 

AIR   COMPRESSORS.^ 

BT  STERLING   H.   BUNNELL,  LORAIN,   OniO. 

(Junior  Member  of  the  Society.) 

1.  The  use  of  poppet  valves  held  down  by  springs  operates  in 
pumps  handling  incompressible  fluids  merely  to  increase  the  work 
done  by  the  piston,  generally  only  by  a  trifling  amount.  The  same 
system  of  valves  applied  to  a  compressor  working  with  an  elastic 
fluid  not  only  involves  a  similar  loss  by  the  friction  of  the  fluid 
in  passing  the  spring-loaded  valves,  but  also  decreases  the  density 
of  the  fluid  filling  the  cylinder  at  each  stroke,  so  that  the  total 
weight  of  gas  handled  falls  considerably  below  that  corresponding 
to  the  swept  capacity  of  the  cylinder.  Such  valves  by  reason  of 
their  inertia  tend  also  to  delay  closing  till  after  the  reversal  of  the 
motion  of  tlie  pi.ston  at  the  end  of  its  stroke  and  thus  to  cause 
a  further  loss  by  slippage.  For  these  reasons  mechanically- 
actuated  inlet  valves  are  generally  applied  to  compressors  of 
medium  and  large  size.  The  adaptability  of  the  duplex  or  two- 
crank  type  of  direct-connected  air-compressor  to  varying  capa- 
city requirements  and  occasional  unusually  low  speed,  together 
with  the  superior  economy  of  its  steam  cylinders  working  under 
short  (Mit-(>ffs,  has  Ijroiiirht  about  its  general  use  except  for  supply- 
ing such  small  quantities  of  air  as  can  be  delivered  by  the  single 
cylinder  of  the  "  straight-line  '^  or  single  crank  tandem  compressor 
of  small  size.    It  is  to  the  common  type  of  duplex  compressor  with 


♦  Prft<M»nt»'fl  at  thf^  \fw  York  meeting,  December,  1908,  of  the  American 
Society  of  Mr'-lmnical  Engineers,  and  forming  \mvt  of  Volume  XXV.  of  the 
TranmietionH. 

f  For  further  discuHHion  on  this  topic,  consult  Tranaactiona  as  follows : 
No.  824,  Vol.  XX.,  p.  907  :  "  New  System  of  Valves  for  Steam  Engines,  Air  En- 
,x       |?inefl.  and  C'ompreHWjrs."     E.  W.  Gordon. 

No.  920.  Vol.  xxiii.,  p.  151  :  "  New  Valve  Gear  for  Gas,  Steam,  and  Air  Engines." 
»•'    W    Nay  lor. 
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Meyer  steam  cut-off  valve  gear  and  meclianicallj-actuated  air-inlet 
valves  that  the  construction  to  be  described  applies. 

2.  The  main  steam  valve  of  a  Meyer  or  riding  cut-off  gear  is  set 
exactly  like  any  plain  slide-valve,  being  laid  out  to  give  proper 
steam  lead,  exhaust  opening  and  exhaust  closure  or  compression, 
without  regard  to  the  point  of  cut-off,  which  will  therefore  come 
somewhere  around  |  or  J  full  stroke.  The  riding  cut-off  valve 
is  operated  by  an  eccentric  set  either  just  opposite  the  crank,  or 
better,  a  little  back  of  this  position.  The  air-inlet  valves  are 
usually  of  rotary  type,  driven  like  Corliss  steam  valves  by  a  rocker 
or  wrist-plate  connected  to  the  valve-arms  by  short  links,  or  they 
may  be  plain  slide  valves.  In  any  case  the  inlet  valve  must  close 
as  the  piston  reaches  the  end  of  its  stroke,  and  open  shortly  after 
it  commences  the  suction  stroke,  the  lateness  of  opening  being  for 
the  purpose  of  allowing  the  air  contained  in  the  clearance  space  to 
expand  to  the  pressure  of  the  air  in  the  intake.  The  required 
position  of  the  eccentric  operating  air-inlet  valves  is  therefore 
approximately  at  right  angles  to  the  crank  operating  tlie  piston,  or 
more  or  less  back  of  this  position. 

3.  Air-compressors  of  the  type  just  described  have  been  regu- 
larly provided  with  six  eccentrics  to  operate  the  double  steam 
valves  and  air-inlet  valves  of  the  two  sides  of  the  duplex  machine. 
A  moment's  consideration  of  the  preceding  paragraph  will  show 
that  the  cut-off  valve  eccentric  of  one  steam  cylinder  and  the  air- 
inlet  valve  eccentric  of  the  opposite  cylinder  are  a  little  back  of  the 
position  opposite  the  crank  on  the  steam  cylinder  side,  while  the 
alternate  steam  and  air  cylinders  have  valves  to  be  actuated  by 
eccentrics,  one  set  back  of  the  position  opposite  the  crank  and  the 
other  180  degrees  from  the  first.  It  is  only  necessary  to  modify 
the  arrangement  of  valve-arms  and  links  of  the  inlet  valves  of  the 
latter  compressing  cylinder,  using  precisely  similar  valves,  valve- 
arms  and  other  gear  except  the  rockers  or  w^rist-plates,  to  allow 
of  driving  the  air-valve  gear  of  each  side  of  the  machine  by  direct 
connection  to  the  cut-off  valve  rod  of  the  other  side. 

4.  The  details  of  the  gear  are  clearly  shown  by  the  illustrations. 
Steel  tube  is  common  enough  to-day  to  allow  of  using  it  for  the 
right-and-left  threaded  sleeves  of  the  cut-off  valves.  Through 
each  sleeve  is  passed  a  smaller  solid  rod  connected  at  one  end  by 
means  of  suitable  rockers  and  pins  to  the  eccentric  rod,  and  at 
the  other  end  to  an  arm  carried  on  a  cross-shaft.  This  rod  drives 
the  encircling  sleeve,  and,  therefore,  the  cut-off  valves  carried 
on  it,  through  the  medium  of  two  simple  split  clamps  touching 
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the  ends  of  the  sleeve.  The  cross-shaft  passes  through  bosses  on 
the  compressing  cylinder  casting  and  terminates  in  a  boss  on  the 
opposite  compressing  cylinder,  and  carries  adjacent  to  the  latter 
boss  the  Avrist-plate  or  rocker  driving  the  inlet  valves  of  this  side. 
This  description  applies  also  to  the  details  of  the  corresponding 
gear  of  the  other  two  cylinders.  It  happens  that  there  is  abso- 
lutely no  difference  between  the  two  sets  of  parts  except  in  the 
two  wrist-plate  rockers,  and  in  the  fact  that  one  of  the  long  rods 
is  a  little  longer  than  the  other  because  the  centre  of  its  rocker  is 
farther  back  on  the  air  cylinders. 

5.  It  looks  at  first  sight  as  if  this  combination  would  be  trouble- 
some to  lay  out  and  to  adjust  in  erecting  the  compressor.  There 
is  really  no  additional  complication,  for  it  is  only  necessary  to 
slack  off  the  clamps  on  the  long  rods,  set  up  the  air-valve  motion 
in  the  usual  way,  locate  the  eccentrics  as  required  and  then  set 
the  sleeve  along  the  rod  to  give  even  cut-offs  and  tighten  the  col- 
lars. The  cut-off  valves  can  be  changed  to  equalize  the  cut-offs 
at  any  time  without  disturbing  the  long  rod,  merely  shifting  the 
clamps  as  desired,  and  the  air  valves  may  be  shifted  or  reset  with- 
out disturbing  the  equality  of  the  cut-offs.  The  net  result  of  the 
arrangement  is  the  saving  of  two  eccentrics,  straps,  rods  and  rock- 
ers and  of  the  space  between  or  outside  the  cylinders  that  would 
otherwise  be  occupied  by  these  parts,  at  the  cost  of  substituting 
a  piece  of  steel  tube  for  a  solid  rod,  and  of  enlarging  the  diameters 
of  steam  chest  glands  to  correspond.  The  feature  of  operating 
one  side  of  the  machine  alone  in  case  of  necessity  is  not  lost,  be- 
cause as  long  as  the  crank-shaft  is  not  broken  and  the  cylinder 
castings  remain  in  position,  the  eccentric  driving  the  air-inlet 
valves  of  the  cylinder  which  is  to  be  operated  may  as  well  be  on 
one  end  of  the  shaft  as  on  the  other. 

6.  The  compressor  shown  embodies  a  modification  of  the  usual 
framing,  which  has  some  advantages.  The  two  separate  bed 
plates  are  bolted  together  along  their  centre  lines,  and  are  further 
bolted  to  a  single  cross  member  lying  under  the  cylinders.  The 
strains  which  tend  to  work  the  ordinary  duplex  machine  on  its 
foundations  are  thus  resisted  directly  by  the  cross  frame,  making 
the  machine  nearly  independent  of  a  masonry  foundation  except 
as  a  mere  support.  Tie  rods  between  the  upper  parts  of  cylinders 
and  over  the  guides  add  greatly  to  the  rigidity  of  the  whole. 

7.  A  number  of  these  machines  have  been  constructed  ranging 
from  12  to  24  inches  stroke,  all  of  which  have  been  shipped  \vith- 
out  taking  apart  and  leveled  upon  foundations  in  a  few  minutes' 
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time.  Some  of  these  compressors  have  been  continuously  operated 
at  speeds  up  to  200  revolutions  per  minute  for  months  together, 
and  none  of  them  have  developed  any  objection  to  the  combination 
of  valve  mechanism  described,  or  have  shown  the  tendency  of  the 
usual  duplex  compressor  ^vith  independent  frames  to  shift  on  its 
foimdations  and  thus  work  out  of  alignment. 
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No.  1018.* 

TESTS   OF  A   DIRECT  CONNECTED  EIGHT-FOOT  FAN 

AND    ENGINE."^ 

BY   E.    S.    FARWELL,   NEW  YORK,   N.   T. 

(Member  of  the  Society.) 

1.  The  promoters  of  the  plenum  system  of  heating  and  ven- 
tilating have  obtained  a  very  substantial  footing  among  the 
paper  mills,  because  of  the  moisture  which  it  is  necessary  to 
remove  from  the  rooms. 

For  instance,  in  a  room  containing  two  paper  machines,  each 
making  25  tons  of  paper  in  2-^  hours,  there  is  approximately  100 
tons  of  water  which  must  be  disposed  of  before  it  condenses  on 
the  roof  and  trusses,  and  drips  on  the  machines.  Also,  in  pulp- 
grinder  rooms,  there  is  a  large  amount  of  steam  generated  which 
must  be  disposed  of,  or  the  fog  in  the  room  will  be  so  dense  as 
to  impede  the  work.  In  most  of  the  other  rooms,  however,  it 
is  merely  a  question  of  heating. 

I  found  it  rather  difficult  to  obtain  reliable  data  which  would 
guide  me  to  an  intelligent  selection  of  apparatus  for  any  particu- 
lar job.  The  builders  of  such  apparatus  very  generously  offered 
to  work  out  the  problem  for  me,  but  it  is  safe  to  say  that  in  no 
case  were  any  two  proposals  for  the  same  size  of  apparatus. 
''A"  would  submit  a  proposition  for  a  small  fan,  running  at 
high  speed,  with  small  air-pipes  and  a  small  heater;  ''  B  "  would 
offer  a  large  fan  to  run  at  a  slow  speed,  with  large  air-pipes  and 
a  large  heater;  '^  C  "  would  perhaps  offer  a  large  fan,  with  large 
air-pipes  and  a  small  heater.     If  '*  A  "  were  asked  to  furnish  a 

*  Presented  at  the  New  York  meeting  (December,  1903)  of  the  American 
Society  of  Mechanical  Engineers,  and  forming  part  of  Volume  XXV.  of  the 
Transactions. 

f  For  further  references  on  this  subject,  see  Transactions  as  follows  : 
No.  240,  vol.  viii.,  p.  313:  "Power  to  Drive  Fans." 
No.  264,  vol.  ix.,  p.  51. 
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lar'»-o  fan  t(^  run  at  a  slower  speed,  he  immediately  proposed  to 
enliii'ge  tlie  pii>es  j)rc)})ortional  to  the  size  of  outlet  of  the  fan, 
and  to  put  in  a  nuich  larger  lieater,  notwithstanding  the  fact  that 
tlie  amount  of  heat  to  be  delivered  was  the  same.  I  wish  to  fur- 
ther acknowledge  that  under  these  perplexing  difficulties  the 
representatives  of  the  different  fan  builders  never  hesitated  to 
give  me  all  the  assistance  whicli  they  apparently  could,  and  I 
l)elieve  that  1  have  linallj^  succeeded  in  getting  some  points  clear 
in  my  own  mind. 

2.  The  question  seemed  to  me  to  embody  three  distinct  prob- 
lems: the  air-pipe,  the  fan,  and  the  heater.  The  first  two  are 
inteixlependent,  or  perhaps  we  had  better  say  both  depend  upon 
tlie  same  assumed  data.  The  starting-point  of  the  problem  or 
problems  is  the  volume  and  temperature  of  air  required.  In  a 
factory  building,  if  it  is  merely  a  question  of  heat,  a  compara- 
tively small  volume  of  air  at  a  high  temperature  is  satisfactory. 
A  change  of  air  as  low  as  30  minutes  is  allowable  where  men  do 
not  stand  at  their  work,  and  20  or  25  minutes  where  they  do. 
In  the  grinder-room  the  change  must  be  as  frequent  as  15  or 
even  10  minutes,  de])ending  on  the  shape  of  the  room,  the  loca- 
tion of  the  grinders,  kind  of  roof,  and  other  local  conditions. 
In  ])aper  machine  rooms,  also  depending  on  local  conditions,  the 
retjuired  change  may  be  as  often  as  4  minutes. 

It  is  very  easy,  with  the  published  tables  and  data  of  tests,  to 
determine  the  amount  of  heating  surface  required  to  heat  the 
detennined  volume  of  air  to  the  desired  temperature.  I  never 
could  see  how  the  size  of  the  fan  need  affect  the  amount  of  heat- 
ing surface,  provided  the  volume  to  be  delivered  and  initial  tem- 
jKirature  of  air  were  the  same  in  both  cases. 

3.  About  j\  ounce  pressure  per  square  inch  will  be  re- 
quired to  give  the  necessary  velocity  at  the  outlets  of  the  dis- 
tributing pij>es.  In  addition  to  this  there  must  be  as  much  more 
pressure  as  is  necessary  to  overcome  the  friction  of  the  pipes, 
and  lierein  I  find  is  the  principal  difference  in  the  practices  of 
the  different  builders.  Some  always  figure  on  1  ounce  pressure 
at  the  fan.  Others  figure  ^  ounce.  Fifteen-sixteenths  of  an 
ounce  seemed  to  me  to  be  an  excessiv^e  loss,  and  I  usually  call 
for  J  ounce  at  the  fan,  enlarging  the  pipe  sufficiently  to  bring 
the  friction  loss  well  within  that  figure. 

In  reducing  the  pressure  required  of  the  fan,  we  have  of  course 
rwluced  the  amount  of  work  done  by  the  fan ;  but  against  this 
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saving  in  ^7ork,  it  is  necessary  to  charge  the  interest  and  depre- 
ciation on  the  increased  cost  of  fan  and  pipe. 

4.  In  order  to  secure  some  data  for  my  guidance,  I  made  a 
series  of  experiments  on  the  efficiency  of  a  fan  which  I  purpose 
to  outline  in  this  paper.  The  fan  was  a  E'o.  160,  accordino*  to 
the  usual  method  of  designating  fan  sizes,  with  a  wheel  8  feet 
in  diameter,  and  37  inches  wide  at  the  peripher\^  and  with  one 
side  inlet.  It  is  shown  in  Fig.  36.  The  fan  is  driven  by  a  direct- 
connected  steam  engine,  and  discharges  into  a  large  chamber 
supplsdng  air  for  combustion  to  the  boilers.  This  chamber  Avas 
left  open  to  maintain  atmospheric  pressure  except  in  a  couple  of 
tests.  The  opening  of  the  fan  into  this  chamber  was  tightly 
boarded  up,  and  conical  tabes  or  nozzles  were  fastened  to  cir- 
cular openings  in  this  board  partition.  The  tubes  had  a  taper  of 
3J  degrees  and,  with  the  exception  of  the  largest  two  sizes,  were 
approximately  three  times  the  diameter  in  length.  Six  different 
sizes  of  tubes  were  tested,  each  at  8  or  10  different  speeds,  ranging 
from  50  to  250  revolutions  per  minute.  In  addition,  a  set  of  ob- 
servations at  each  speed  was  made,  with  no  outlet  whatever. 

5.  This  I  realize  is  not  an  ideal  arrangement,  but  under  the 
circumstances  seemed  to  be  all  that  the  desired  results  would 
Avarrant.  The  volume  of  air  delivered  was  determined  by  means 
of  a  pitot  tube  located  at  the  extremity  of  the  conical  outlet. 
We  attempted  to  use  an  anemometer,  but  some  of  the  velocities 
were  beyond  the  capacity  of  the  instrument  and  it  very  soon 
proved  to  be  unreliable.  With  the  tapering  outlet,  it  was  appar- 
ently safe  to  assume  that  the  air  at  the  extremity  had  no  static 
pressure,  but  that  the  entire  potential  energy  had  been  converted 
into  kinetic  energy.  The  pressure  in  the  fan  chamber,  as  also* 
the  vacuum  or  suction  at  the  inlet,  was  measured  bv  a  water 
column.  We  found  the  vacuum  at  inlet  varied  at  the  different 
points  of  the  inlet  as  the  gauge  was  moved  from  the  centre 
toward  the  rim.  A  number  of  observations  were  made,  and  a 
point  determined  which  gave  us  the  mean  of  all  the  readings. 
The  temperature  of  the  air  was  taken,  also  the  revolutions  of  the 
fan  and  indicator  cards  from  the  engine.  This  completed  the 
list  of  observations  taken  during  each  test.  Each  test  was  run 
for  half  an  hour  under  uniform  conditions,  and  readings  taken 
every  five  minutes.  The  average  results  of  each  test  are  given 
in  the  table.  The  volume  of  air  discharged  was  computed  from 
the  velocity  of  air  as  giv^en  by  the  pitot  tube,  and  tabulated  in 
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column  marked  "B."  The  theoretical  horse-power  was  com- 
puted from  the  volume,  determined  as  above  noted,  and  the  press- 
ure in  chamber  as  tabulated.  The  pressure,  volume,  indicated 
horse-power,  and  efficiency  have  also  been  plotted  on  the  two  sets 
of  curves.  Figs.  37  and  38.  In  Fig.  37  the  abscissae  represent 
revolutions  of  fan,  while  each  curve  represents  a  certain  size  of 
outlet.  In  Fig.  38  these  two  items  have  been  interchanged,  and 
each  pressure  curve  has  a  different  zero  line.  It  is  the  custom, 
I  believe,  to  designate  the  size  of  fan  outlet  in  terms  of  the  diam- 
eter and  peripheral  width  of  fan- wheel,  and  this  I  have  done  in 
the  present  instance. 

6.  A  number  of  interesting  facts  stand  forth  very  clearly  upon 
an  examination  of  these  curves.  Theoretically,  the  volume 
should  vary  directly  as  the  speed  of  the  fan  with  a  given  size  of 
outlet,  the  pressure  as  the  square  of  the  speed,  and  the  horse- 
power as  the  cube  of  the  speed.  The  curves  show  that  the  ratios 
are  not  quite  those  stated.  Up  to  a  certain  point  the  volume 
curves  are  very  nearly  straight,  but  at  the  higher  speeds  they 
seem  to  fall  off.  This  falling  off  was  more  marked  with  the 
large  openings,  as  was  also  a  large  increase  of  the  vacuum  at 
inlet.  This  loss  in  the  volume  delivered  is  unquestionably  due 
to  the  throttling  of  the  air  at  inlet.  The  maximum  efficiency  of 
the  combined  unit  was  secured  at  142  revolutions  per  minute, 
when  the  pressure  was  ^  ounce  (this,  of  course,  only  applies  to 
the  particular  fan  tested,  and  it  is  fair  to  presume  that  if  the 
fan  had  had  an  inlet  on  each  side,  the  throttling  would  have 
been  less  and  the  most  efficient  speed  might  have  been  higher). 

7.  The  curves  show  very  clearly,  however,  that  in  the  selec- 
tion of  fan  we  should  choose  large  sizes  running  at  moderate 
speeds  and  developing  a  low  pressure.  We  may  apparently  run 
the  same  fan  at  a  lower  speed  and  lower  pressure  so  that  it  will 
deliver  the  same  volume  of  air  with  a  considerable  saving  in 
horse-power.  This  should  be  done,  if  in  any  case  the  conditions 
prevent  the  selection  of  a  larger  fan.  As  1  will  illustrate  in  a 
few  moments,  however,  the  larger  fan  will  do  the  work  more 
efficiently. 

It  has  been  frequently  stated  that  up  to  a  certain  size  of  outlet, 
variously  styled  the  'theoretical  outlet,"  ^^ square  inches  of 
blast,"  and  '^  capacity  of  wheel,"  any  change  in  size  of  outlet 
makes  no  change  in  the  pressure,  and  a  variation  in  volume  and 
horse-power  directly  proportional  to  the  size  of  the  outlet,  and 
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that  further  oiihirging  results  in  a  decided  drop  of  pressure  and 
falliiu^^  otf  in  the  rate  of  increase  of  volume  and  horse-power. 
The  curves  show  that  up  to  about  .29  D.  W.  the  pressure  drops 
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Fig.  a?. 


but  .sliglitly.  The  vohiiiie  and  iiidicated  liorse-power  rise  very 
nearly  by  straiglit  lines,  but  l)eyond  that  point  tliere  is  a  sudden 
and  nipid  change,  the  efRciency  also  reaching  a  maximum  at 
this  same  point. 
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8.  As  being  probably  pertinent  to  this  point,  I  wish  to  call 
attention  to  the  fact  that  the  area  of  the  fan-blade  is  equal  to 
.2885  D.  W.     The  efficiency  curves  show  that  but  slight  varia- 
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Fig.  88. 


tions  from  this  '^  theoretical  outlet  "  should  be  permitted.     Mr. 
Snow  states  that  for  general  practice  the  square  inches  of  blast 

is  not  far  from  — '-^.    I  understand  that  the  usual  Avidth  of  pe- 


i:,i>   n>i>  or  A  niKKCT  connected  eight-foot  fan  and  engine. 

ri})horv  of  an  S-foot  fan,  as  built  by  the  makers  of  the  fan  tested,  is 
41  inc'iios  instead  of  lu  inches.  This  woiikl  make  the  area  of  fan- 
l>hules  approximately  .:V2l).  AV.,  whichmight  increase  the  effective 
area,  or  "  tiiec^'etical  ontlet,''  to  a  like  quantity  and  bear  out  the 
statement  made  by  Mv.  Snow.  This  'theoretical  outlet,"  as 
has  been  stated  by  ]\[r.  Snow,  is  not  to  be  understood  to  be  the 
actual  sizes  of  the  outlet  of  the  fan's  casing,  but  to  be  the  size  of 
openin*^  which  will  offer  a  resistance  equivalent  to  the  sum  of  all 
resistances  of  distributing  ])ipes.  If  in  any  given  case  we  are 
able  to  state  what  this  equivalent  outlet  is  to  be,  we  can  then 
select  the  size  of  fan  Avhich  will  give  us  the  desired  volume  of 
air  at  the  desired  ])ressure. 

9.  In  Fig.  39  1  have  reproduced  the  efficiency  curves  and  have 
drawn  another  curve  showing  the  relation  existing  between  the 
size  of  outlet  and  the  ratio  of  air  velocity  to  peripheral  velocity  of 
wheel.  It  is  not  safe  to  reason  too  much  from  the  concrete  to  the 
abstract,  but  comparing  this  curve  with  similar  ones  constructed 
from  the  tests  of  a  small  pressure  blower,  as  given  in  Mr.  Kent's 
liandbook,  and  from  the  guaranteed  results  of  one  blower-maker 
on  his  standard  fans  (presumably  computed  from  tests  which  are 
not  available  to  the  public),  I  think  it  safe  to  say  that  the  curve 
of  the  tests  may  be  applied  to  different  sizes  of  fans  with  reason- 
ably satisfactory  results. 

10.  To  illustrate  the  advantages  that  have  already  been  men- 
tioned, we  have  only  to  notice,  for  instance,  that  the  fan  tested, 
when  running  at  200  revolutions  per  minute,  will  develop  1  ounce 
j)ressure  when  delivering  a  volume  of  32,000  cubic  feet  per  min- 
ute, at  an  efficiency  of  51  per  cent,  and  requiring  17.2  indicated 
hors<*-power  to  run  it.  The  same  fan  running  at  IGl  revolutions 
\>er  minute  will  deliver  the  same  volume  of  32,000  cubic  feet  at 
a  pressure  of  ^  ounce  and  an  efficiency  of  41.7  per  cent.,  but 
rw^uiring  only  lOJ  horse-power.  AVhile  the  efficiency  in  the 
first  instance  is  considerably  higher,  it  should  be  pointed  out 
tliat  the  actual  horse-power  required  is  6.7  more.  This  repre- 
s^*nts  the  actuid  cost  of  delivering  32,000  cubic  feet  of  air  into 
the  ro<jm  under  the  two  pressures  noted.  Again,  this  fan  run- 
ning at  142  revolutions  per  minute  will  deliver  25,800  cubic 
feet  of  air  at  a  pressure  of  i  ounce,  and  at  an  efficiency  of 
54  per  cent.  If,  however,  it  is  desired  to  deliver  32,000  cubic 
feet  of  air  at  J  ounce  pressure  and  at  maximum  efficiency,  it 
will  Ikj  necessary  to  use  a  larger  size  of  fan,  the  determination 
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of  which  will  illustrate  the  use  ^vhich  I  have  made  of  these 
tests. 

I  am  not  prepared  to  say  that  for  fans  with  inlet  on  one  side 


1.00 


0  .lU 

Farwell,  E.S. 


only,  .29  D.W.  is  as  large  a  ''  theoretical  outlet"  as  should  be 
used.  How^ever,  it  seems  to  be  evident  that  where  inlet  may  be 
had  on  both  sides,  a  wider  fan  may  be  used,  and  possibly  further 
experiments  may  show  that  a  wider  fan  may  be  used  with  a  single 
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inlot.  Assumiiig  that  .29  D.W.  is  to  be  used,  we  have  for  the 
volume  of  air  delivered, 

Q  =  .2d  D.W.V, 

in   which  I"  is   the  air  velocity  corresponding  to  the  assumed 

prt^ssure. 

11.  The  velocity  corresponding  to  the  pressure  of  ^  ounce 
is  3653. S.     From  the  foregoing  equation  we  find  that, 

32000        _ 
/^-  ''  -  3653.8^x^29  "  ^^^^•^• 

If  W=  -,  then  i)2  =^  30.2  r.     The  proper  value  of  ''  r  "  was 

not  determinable  from  these  tests,  but  probably  has  been  deter- 
mined by  the  builders'  experiments.  It  is  apparently  between 
2.3  and  2.7.     In  the  fan  under  test, 

r  =  2.595. 

It  is  desirable  to  use  standard  diameters  and  vary  the  width 
within  certain  limits.  In  the  present  case  the  size  of  fan  selected 
should  be  8|-  feet  diameter  by  42.6  inches  wide  at  periphery. 
For  the  speed  of  fan,  Ave  have  from  the  lower  curve  in  Fig.  39  for 
.29  D.W., 

V 

-^  =  1.025. 

From  this  ecjuation  the  peripheral  velocity, 

j^      3653.8      ^^^^^  „^ 

Vp  =  Y^/xoK^  =  3570  it.  per  mm. 

This  is  equivalent  to  133.5  revolutions  per  minute  of  an  S^-foot 
fan.  By  the  efficiency  of  54  per  cent,  shown  by  the  chart,  this 
would  require  8.125  horse-power,  a  still  further  saving  over  the 
8-fofjt  fan  running  161  revolutions  per  minute. 

12.  There  is  another  problem  upon  which  I  should  be  glad  to 
have  discu.ssion  and  enlightenment,  la  designing  an  induced 
dniught  plant  some  time  since,  I  proposed  to  install  two  fans, 
which,  under  normal  conditions,  would  both  run  at  slow  speed. 
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either  of  which  in  an  emergency  could  be  speeded  up  to  do  the  work 
of  both.  One  representative  informed  me  that  he  did  not  tliink 
it  could  be  done  practically,  and  after  I  insisted  that  it  be  worked 
out,  two  10-foot  fans,  24  inches  wide  at  the  periphery,  were 
offered.  After  some  discussion  and  computations,  two  10-foot 
fans  64:  inches  wide  at  periphery  were  purchased.  I  based  my 
contentions  on  the  tests  which  I  have  described,  although  I  am 
aware  that  the  conditions  when  handling  gases  at  a  high  tem- 
perature are  somewhat  different.  I  do  not  see,  however,  that 
these  changed  conditions  prevent  the  use  of  a  fan  in  the  way 
I  described.  To  illustrate,  the  following  data  may  be  taken 
from  the  curves  of  the  8-ft)ot  fan  tested.  With  an  outlet  of  .265 
D.W.,  and  running  at  150  revolutions  per  minute,  the  fan  will 
deliver  25,000  cubic  feet  of  air  at  a  pressure  of  j%  ounce,  requir- 
ing 7.8  horse-power,  and  give  an  efficiency  of  53  per  cent.  This 
same  fan  with  an  outlet  .53  D.W.,  running  at  225  revolutions 
per  minute,  Avill  deliver  50,000  cubic  feet  of  air  at  the  same 
pressure  of  j%  ounce.  In  the  latter  case  the  horse-power  is 
40.8,  and  efficienc}"  but  26.5  per  cent.  This  efficiency  is  yery 
low,  but  is  not  to  be  considered  in  an  emergency.  The  only 
question  which  requires  particular  attention  is  an  arrangement 
which  will  allow  a  change  of  the  outlet,  or  its  equi\lilent  resist- 
ance, from  .265  D.AY.  to  .53  D.W.,  and  this  was  very  easily 
accomplished  in  the  case  mentioned.  It  is  necessary  in  man}^ 
industrial  plants  to  provide  against  a  shut  down,  due  to  any 
ordinary  accident,  l)ut  I  fail  to  see  the  necessity  of  putting  in 
two  fans,  each  sufficiently  large  to  do  the  entire  work  under 
normal  conditions,  at  maximum  efficiency. 

I  have  not  entered  into  this  discussion  with  any  feeling  akin 
to  the  old  Quaker's  who  is  reported  to  have  told  his  wife  that 
''all  the  world  is  queer  except  thee  and  me,  and  thee  is  a  little 
queer."  But  I  have  hoped  to  provoke  a  discussion  by  those 
who  have  had  better  opportunities  for  studying  the  problem 
than  I  have,  and  can  give  us  information  not  obtainable,  at  least 
convincingly,  from  these  tests. 

In  closing  I  wish  to  acknowledge  the  able  assistance  and  pains- 
taking care  of  Mr.  C.  AY.  Wilder,  who  made  most  of  the  obser- 
vations and  computations  for  me.  But  for  my  confidence  in  his 
ability,  I  should  have  hesitated  to  present  these  results  to  the 
Society, 
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DISCUSSION. 


Mr.  E.  S.  Farurll.'^' — Since  the  preparation  of  this  paper,  the 
question  has  been  raised  of  the  relation  said  to  exist  between  the 
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vacuum  at  inlet  and  tlie  cuhic  feet  of  air  dis('harged  per  minute. 
If  the  data  were  correctly  taken,  there  should  be  a  fixed  rela- 
tw.i,  lu.fuw...,,   f ].,.-<•   ♦.vo  quantities.      Tliat  relation  is  illustrated 


Added  after  udjournmfnt. 
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ill  Fig.  40.  Aside  from  a  few  unquestionably  erratic  points 
which  have  been  connected  to  the  proper  curves  by  dotted  lines, 
1  think  the  curves  show  a  very  satisfactory  relation  existing  be- 
tween vacuum  at  inlet  and  cubic  feet  of  air  discharged. 

The  curves  for  tests  E  and  F  are  certainlv  verv  interesting, 
and  it  may  be  pointed  out  that  in  these  tests  the  vacuums  at  inlet 
were  larger  and  the  probable  errors  in  reading  of  water  gauge 
were  proportionately  less.  The  point  which  I  attempted  to 
bring  out  in  paragraph  6,  viz.,  the  limitations  imposed  by  having 
a  single  inlet,  I  do  not  think  could  have  been  presented  so  clearly, 
if  vacuum  at  inlet  had  not  been  read. 
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No.  1019.* 

A  ^'A'A7AVs•  DISTILLING  AFPARATUS  OF  HIGH 
EFFICIENCY. 

BY  W.   F.    M.   GOSS,  LAFAYETTE,   INDIANA. 

(Member  of  the  Society.) 

1.  Tliis  apparatus  is  designed  to  purify  water  or  other  liquids 
by  distillatiou.  It  can  be  used,  also,  in  the  concentration  of 
liquids  carrying  solids  in  solution,  the  recovery  of  which  is  desired. 
It  consists  of  an  arangement  whereby  the  supply  of  liquid  to  be 
evaporated  passes  through  a  succession  of  chambers,  in  each  of 
which  it  is  gradually  raised  in  temperature,  and  in  all  but  the  first 
of  which  a  portion  of  the  supply  is  vaporized,  the  process  continu- 
ing until  all  has  been  changed  to  vapor.  Heat  is  supplied  the 
system  at  the  chamber  having  the  highest  temperature  only,  from 
which  vapor  starts  in  a  return  circulation,  that  generated  in  one 
element  of  the  apparatus  serving  as  the  source  of  heat  for  the 
element  next  lower  in  temperature,  the  liquid  steam  increasing  in 
volume  as  it  passes  the  successive  elements  until,  finally,  all  is 
discliargcd  from  the  chamber  of  lowest  temperature.  The  liquid 
thus  discharged  is  entirely  the  result  of  condensation.  An  ap- 
paratus embodying  tliis  conception,  designed  to  distil  500  gallons 
of  water  an  hour  with  an  efiiciency  of  approximately  60  pounds 
of  water  per  jkhiikI  of  coal,  is  shown  by  Fig.  41,  and  a  section  of 
a  siii<ilc  clciiiciit  entering  into  its  construction,  by  Fig.' 42. 

2.  The  action  of  the  apparatus  may  be  best  described  in  connec- 
tion witli  tin-  diagrammatic  sketch  Fig.  43.  Several  chambers, 
Ay  B,  C  and  i>,  each  containing  a  central  tube,  are  connected  by 
suitable  piping.  The  first  chamber.  A,  is  entirely  filled  with 
liquid  and  constitutes  a  preliminary  heater.  The  remaining  cham- 
bers, from  L  to  IJ  inclusive,  are  partially  filled  with  liquid,  and 
from  each  of  these,  evaporation  occurs.   The  heater  and  the  cham- 

*  PrfSpntfKi  at  the  New  York  meeting,  December  1903,  of  the  American 
Hficietj  of  Mechanical  Kngineers,  and  forming  part  of  Volume  XXV.  of  the 
Transftctions. 
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ber  B  operate  under  one  pressure^  and  each  succeeding  chamber, 
as  0  and  D,  under  higher  pressures.  Heat  is  supplied  to  the 
liquid  in  each  chamber  by  vapor  or  a  mixture  of  vapor  and  liquid 
in  the  central  tube,  the  external  source  of  heat  being  11,  which 
may  be  considered  a  small  boiler  having  a  closed  circulation,  steam 
being  delivered  by  a  vertical  pipe,  G,  condensed  in  the  central  tube 
of  the  chamber  D  and  returned  to  the  boiler  H. 

3.  The  water  to  be  evaporated  is  delivered  into  the  bottom  of 
the  chamber  A,  and  is  gradually  heated  by  contact  with  the  central 
tube,  as  it  arises  to  the  top,  from  which  point  it  passes  to  the 


Pischarge 

Gose,  W.F.if. 


Fig.  43. 


bottom  of  the  chamber  B.  Here  its  temperature  is  further  in- 
creased and  a  portion  of  it  is  vaporized,  the  remainder  being 
taken  up  by  the  pump  F^,  and  delivered  to  the  chamber  (7,  of 
higher  pressure,  where  its  temperature  is  further  increased  and 
where  another  portion  is  vaporized.  That  not  vaporized  in  C  is 
taken  up  by  pump  F^  and  delivered  to  chamber  D,  which  is  under 
a  still  higher  pressure,  where  it  is  entirely  vaporized.  The  return 
circulation  begins  with  the  vapor  given  off  in  the  chamber  Z), 
which  passes  off  by  the  pipe  /  and  becomes  a  source  of  heat  for 
the  chamber  (7,  being  condensed  by  the  time  it  reaches  the  bot- 
tom of  chamber  C.  From  this  point  it  is  conveyed  to  the  reducing 
pressure  valve  L,  where  its  pressure  is  reduced  to  the  pressure  of 
the  vapor  within  the  chamber  C.  From  L  the  stream  passes  on 
to  the  mixing  valve  M,  where  it  intermingles  with  the  steam  de- 
livered from  the  chamber  (7,  the  combined  stream  of  liquid  and 
vapor  passing  through  the  central  tube  of  the  chamber  B,  serving 
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as  its  source  of  heat,  being  condensed  to  liquid  form  and,  finally, 
beiuir  delivered  to  the  reducing  valve  Z/\  where  its  pressure  is 
again  reduced,  and  from  which  point  it  passes  to  M \  where  it 
mingles  with  the  vapor  given  off  by  the  chamber  B,  after  which 
the  combined  streams  of  vapor  and  liquid  pass  through  the  central 
tube  of  chamber  .1,  are  cooled  and  finally  discharged. 

4.  In  the  process  thus  briefly  outlined,  the  following  facts  are 
to  be  noted: 

a.  That  the  ingoing  stream  of  liquid  is  continually  increasing 
in  temperature,  and  that  the  return  current  of  vapor  is  continu- 
ally diminishing  in  temperature,  the  arrangement  being  such  that 
it  is  entirely  possible  to  have  a  fixed  difference  between  the  heat- 
ing medium  and  the  medium  to  which  heat  is  imparted  throughout 
all  portions  of  the  apparatus;  also,  each  particular  portion  of  each 
element  retains  a  fixed  temperature. 

h.  The  losses  of  heat  which  occur  from  the  apparatus  are  tbose 
of  radiation  and  those  which  are  represented  by  the  differences  in 
the  temperature  or  condition  between  the  liquid  supplied  and  the 
condensate  delivered.  Heat  thus  lost  must  be  supplied  from  the 
source  of  heat  and  nothing  more. 

c.  It  is  conceivable  that  the  temperature  of  the  discharge  may 
be  so  reduced  as  to  approach  very  nearly  the  temperature  of  the 
supply;  also,  that  as  ideal  conditions  are  approached,  radiation 
losses  may  be  diminished,  and,  at  the  limit,  losses  on  both  of  these 
accounts  cease;  that  is,  the  cycle  of  the  apparatus  is  one  of  maxi- 
mmn  efficiency. 

5.  For  satisfactory  operation,  the  total  range  of  temperature  to 
which  the  apparatus  is  subjected  is  divided  equally  between  the 
several  stages  of  the  process,  the  teniperature  of  each  chamber 
being  controlled  by  the  pressure  which  is  maintained  upon  it, 
which  in  turn  is  regulated  by  valves  on  outlets.  For  example,  if 
tho  apparatus  shown  diagrammatically  by  Fig.  43  is  assumed  to  be 
o|)erated  fr^m  a  tomix-rature  of  360  degrees  in  the  boiler  IT,  to 
a  final  temperature  in  chamber  B  of  212,  then  the  temperature 
of  the  water  in  chamber  C  w^ould  be  maintained  at  262,  and  that 
of  the  water  in  chamber  D  at  312,  the  difference  in  temperature 
for  each  transmission  being  in  this  case  50  degrees.  This  value 
also  measures  the  difference  in  temperature  between  the  mixture 
within  the  central  tube  and  the  liquid  around  the  same  in  each 
chamber.  The  pressures  upon  the  several  chambers,  etc.,  assum- 
ing the  liquid  operated  upon  to  be  water, would  be,  for  the  boilerH, 
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14:5  pounds;  the  cliambcr  D  aiul  pipe  J,  65  pounds;  tlie  chamber 
(7 and  pil>e  J\  25  pounds  ;  the  chamber  B  and  pipe  J  ,  atmosphere; 
the  pressure  in  each  case  being  controlled  by  valves  upon  the  dis- 
charge pipe. 

G.  'J'he  action  thus  far  described  in  general  terms  is  susceptible 
of  careful  analysis,  some  of  the  results  of  which  appear  in  Fig.  44. 
This  figure  is  a  diagram  of  a  five-stage  apparatus,  upon  which  are 
noted  the  pressure,  temperature  and  condition  of  mixture  of  the 
circulating  streams  in  their  course  through  the  system;  also,  the 
weight  of  mixture  transmitted  from  one  chamber  to  another  for 
each  pound  of  vapor  delivered  by  the  chamber  of  highest  tem- 
perature, F.  Other  assumptions  underlying  the  values  given  are 
as  follows : 

a.  That  the  liquid  distilled  is  water. 

h.  Tliat  the  diiference  of  temperature  between  each  step  in  the 
process  is  33  degrees;  that  is,  that  the  temperature  of  each  suc- 
ceeding chamber  is  33  degrees  higher  than  that  of  the  chamber 
next  below,  from  which  it  follows  that  in  any  given  element  the 
temperature  within  the  central  tube  is  33  degrees  higher  than  the 
temperature  of  the  surrounding  liquid. 

c.  That  the  temperature  of  water  supplied  is  62  degrees. 

d.  That  the  discharge  from  A  is  at  atmospheric  pressure;  that 
is,  at  a  pressure  of  15  pounds,  absolute,  and  a  temperature  of  213 
degrees. 

€.  That  2  per  cent,  of  the  heat  supplied  each  chamber  is  lost 
by  radiation. 

7.  A  more  detailed  presentation  of  analytical  results  is  reserved 
for  later  paragraphs,  but  it  may  here  be  noted  that  the  efficiency 
of  the  apparatus  depends  upon  the  number  of  chambers  employed, 
and  that  its  characteristic  feature  is  to  be  found  in  the  fact  that 
it  so  conserves  the  heat  supplied  it  that  the  process  may  be  suc- 
cessfully extended  through  a  long  series  of  steps. 

8.  Considering  now  the  details  of  the  apparatus,  it  is  to  be  ob- 
served that  the  process  thus  far  described  involves  a  separate 
pump  for  each  of  the  several  evaporator  chambers.  Thus,  in 
Fig.  43,  there  are  j)rovided  for  the  evay)orator  chambers  B^  C 
and  D  the  pumps  F,  F^  and  F"^.  This  necessity  arises  from  the 
fact  that  at  each  stage  the  feed  is  passing  from  a  lower  to  a 
lii^di^r  j»rr~-ure,  and  the  requirements  of  the  cycle  necessitate 
that  th<;  water  supplied  to  each  pump  shall  have  the  tempera- 
ture  of   thr   r-li;,F!ilwr    n^'xt   bclow   bcforc   being   forced   to   the 
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succeeding  one.  While  tliis  requirement  is  not  serious  when 
the  number  of  evaporator  chambers  is  small,  it  leads  to  objec- 
tionable complication  when  the  series  is  extended.  In  the  prac- 
tical working  out  of  the  design,  therefore,  a  system  of  feeding 
is  employed  which  allows  the  use  of  a  single  pump,  without 
impairing  the  thermodynamic  cycle,  the  modified  arrangement 
being  inferior  to  that  already  described  only  in  the  fact  that 
it  adds  slightly  to  the  mechanical  work  necessary  to  move  the 
feed.  Its  single  feed-pump  delivers  water  at  a  pressure  suf- 
ficiently high  to  supply  all  evaporator  chambers,  including  that 
of  highest  pressure.  Water  delivered  by  the  pump  is  passed 
through  a  succession  of  heaters  connected  with  the  evaporator 
chambers  in  such  a  manner  that  the  feed  emerging  from  each 
heater  has  the  same  temperature  as  it  would  have  had  if  it  mingled 
with  the  water  of  the  chamber,  while  branch  pipes  are  employed 
to  convey  the  feed  to  each  individual  chamber.  The  course  o'f 
the  piping  in  its  external  appearance  is  shown  by  Fig.  41.  It 
will  be  seen  that  the  feed  enters  the  base  of  the  preliminary 
heater,  is  delivered  therefrom  at  a  point  near  the  top,  is  conveyed 
to  a  small  heater  over  the  second  evaporator  chamber,  thence  to 
the  heater  over  the  third  evaporator  chamber,  and  thence  on  to 
the  last  heater  over  the  sixth  evaporator  chamber.  Branches  are 
taken  off  after  each  heater  to  supply  the  evaporator  chamber  with 
which  the  heater  is  connected.  The  control  of  this  supply  is  best 
indicated  by  Fig.  42,  showing  the  float-valve  regulating  the  admis- 
sion of  water  to  the  evaporator  chamber.  It  will  be  remembered 
that  the  pressure  above  the  fl.oat-valve  is  greater  than  the  pressure 
in  any  of  the  evaporator  chambers,  so  that  the  feed  enters  when- 
ever the  valve  is  off  its  seat.  Referring  more  particularly  to  the 
heater  (Fig.  42),  it  will  be  seen  that  this  is  similar  in  construction 
with  the  main  evaporator  chamber.  The  mixture  of  vapor  and 
liquid  which  is  to  supply  heat  to  the  main  evaporator  chamber 
first  passes  through  the  tubes  of  the  heater,  the  feed  water  circu- 
lating around  the  tubes. 

9.  Concerning  the  maintenance  of  the  apparatus,  it  should  be 
observed  that  the  boiler  from  which  the  heat  is  supplied  (Fig  43, 
H)  is  subject  to  a  closed  circulation,  ^o  renewal  of  water  is  re- 
quired, and  hence  there  can  be  no  trouble  at  this  point  from  in- 
crustation. Concerning  deposits  of  solid  matter  in  other  portions 
of  the  system,  it  is  to  be  noted  that  only  distilled  water  and  vapor 
circulate  within  the  tubes  (Fig.  42).     This  is  true  of  the  heater 
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as  well  as  of  the  evaporator  chamber.  The  solid  matter  which 
may  be  deposited  within  the  chamber  around  the  tubes  may  be 
disposed  of  by  use  of  a  blow-off,  by  cleaning  through  manholes, 
or  by  the  complete  removal  of  the  nests  of  tubes  from  the  shell 
of  the  chamber.  In  the  construction  of  the  apparatus  the  central 
tube  is  threaded  to  the  tube-plate  at  both  ends.  All  other  tubes 
are  threaded  at  their  lower  ends  only.  The  presence  of  the 
central  tube  maintains  the  relative  position  of  the  tube-plates 
and  permits  all  the  tubes  of  a  chamber  to  be  withdrawn  together. 
10.  Having  defined  the  character  of  the  apparatus,  attention 
may  be  given  to  matters  affecting  its  performance.  In  general, 
three  different  classes  of  the  apparatus  are  to  be  dealt  with,  and  for 
convenience  Class  A  will  be  designated  as  representing  an  appa- 
ratus all  portions  of  which  are  operated  at  pressures  above  the 
atmosphere;  Class  B  as  representing  an  apparatus  all  portions  of 
which  are  to  operate  below  the  pressure  of  the  atmosphere,  and 
Class  C  as  representing  an  apparatus  a  portion  of  which  is  to 
operate  at  pressures  above  the  atmosphere  and  a  portion  at  pres- 
sures below  the  atmosphere.  Class  A  may  be  regarded  as  a  high- 
pressure  apparatus.  Class  B  a  low-pressure  apparatus  such  as 
might  be  operated  by  the  use  of  exhaust  steam,  and  Class  C  a 
high  and  low  pressure  apparatus.  Practical  and  convenient  ranges 
of  pressure  and  temperature  applying  to  each  of  the  three  classes 
thus  designated,  when  designed  for  the  distillation  of  water,  are 
as  follows: 

TABLE  I. 


Designation. 

Absolute  Pressure. 

Temperaturb  F. 

ClasB. 

A.H  to  Preshure. 

liigheet. 

Lowest. 

Highest. 

Lowest. 

A 

V, 

c 

Hif^h  pres.sure. 

Low  pressure. 

High  and  low  pressure. 

115 

15 

115 

15 
1.0 

1.0 

338 
212 
338 

212 
102 
102 

The  relations  shown  are  merely  chosen  for  purposes  of  illustra- 
tion. So  far  as  the  working  of  the  apparatus  is  concerned,  any 
other  practical  limits  might  have  been  chosen. 

11.  The  weight  of  water  which  will  be  distilled  for  each  pound 
of  saturated  steam  supplied  from  the  source  of  heat  for  an  appar- 
atus of  the  high-pressure  type,  working  under  the  conditions  of 
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pressure  set  forth  in  Table  I.,  and  assuming  no  loss  to  occur  by 
radiation  or  in  the  form  of  vapor  from  the  delivered  stream,  will 
be  as  follows: 


TABLE 

II. 

EIGHT  OF  Distilled 

Water  per 

Pound 

OF  Steam  Used. 

Number  of  Evaporator 

Pounds  of  Water  per  Pound 

Chambers. 

of  Steam. 

3 

2.8 

4 

3.6 

5 

4.4 

6 

5.2 

7 

5.9 

8 

6.5 

9 

7:1 

10 

7.6 

12.  The  weight  of  water  distilled  for  each  pound  of  steam  sup- 
plied is  nearly  the  same  for  all  three  classes  as  above  defined.  An 
approximate  relation  applying  to  all  classes  is  represented  by  the 
formula,  W  =  0.85  N,  in  which  W  is  the  number  of  pounds  of 
water  distilled  for  each  pound  of  steam  supplied,  and  N  is  the 
nimiber  of  evaporator  chambers.  If  the  boiler  which  serves  as 
the  source  of  heat  delivers  ten  pounds  of  steam  per  pound  of  coal 
burned,  the  output  of  distilled  water  per  pound  of  coal  will  be  ten 
times  the  values  given  in  Table  II. 

13.  Results  appearing  in  the  preceding  Table  II.  are  in  some 
cases  subject  to  correction  to  cover  losses  due  to  the  presence  of 
vapor  in  the  discharged  stream.  In  the  action  of  the  machine,  all 
condensation  is  the  result  of  the  cooling  action  of  the  incoming 
stream  of  liquid  feed.  Under  certain  conditions,  this  will  be  insuf- 
ficient, in  which  case  a  portion  of  the  issuing  stream  delivered 
from  the  apparatus  will  be  vapor  and  will  in  part  disappear  as  it 
emerges  from  the  pipe.  The  extent  of  this  loss,  if  any,  decreases 
as  the  number  of  chambers  is  increased.  In  apparatus  of  the  Class 
A  it  entirely  disappears  when  seven  evaporator  chambers  are  used; 
but  in  types  B  and  C  there  will  be  a  slight  loss  even  when  as  many 
as  ten  evaporator  chambers  are  used.  The  percentage  of  the  total 
weight  of  the  discharged  stream  which  will  be  delivered  in  the 
form  of  vapor  is  as  follows : 
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TABLE    III. 
PkRCEXTAGE   of    DiSCIlAUGED   STREAM    LOST  BY    VAPORIZATION. 


1 

Class  of  Apparatus. 

Numbt-r  of  Evaporator 

Chamber!*. 

A 

B 

c 

3 

21 

33 

33 

4 

11 

25 

22 

5 

6 

19 

16 

6 

2 

16 

12 

7 

0 

13 

10 

8 

0 

11 

8 

9 

0 

9 

7 

10 

0 

8 

6 

14.  The  extent  of  heating  surface  in  each  element  (one  evapor- 
ating chamber  and  its  attached  heater)  needed  for  a  given  capacity 
is  not  materially  affected  by  changes  in  the  number  of  elements  in 
the  series.  Assuming  the  pressure  ranges  set  forth  in  Table  I., 
and  assuming  each  foot  of  tube  surface  to  transmit  400  thermal 
units  per  degree  difference  of  temperature  per  hour,  there  will 
be  required  in  each  element  of  an  apparatus  designed  to  distil 
1,000  gallons  of  water  per  hour  an  amount  of  heating  surface  as 
follows : 


TABLE   IV. 

Sqdahe  Feet  of  Tube  Surface  in  each   Element  per  1,000  Gallons  of 

Water  to  be  Distilled. 


Class  of  Apparatus. 
A  {Uigh  Pressure). 
B  (Low  Pres.sure). 
C  (High  and  Low). 


Tube  Surface. 
174 
188 
113 


15.  The  total  amount  of  tube  surface  required  for  any  appa- 
ratus of  the  capacity  stated  will  be  found  by  multiplying  the  num- 
ber of  evaporator  chambers  it  is  to  contain,  plus  one,  by  the  value 
assigned  its  class  in  the  preceding  statement.  The  unit  added 
covers  the  large  licator  fist  Heater,  Fig.  41).  For  example,  if  it 
18  required  to  design  a  seven-chamber  apparatus  of  the  A  class  to 
distil  1,000  gallons  of  water  per  hour,  then  the  total  number  of 
square  feet  of  heating  surface  for  the  whole  system  will  be  8 
X  174  or  1,392  square  feet.    . 

in.  The  size  of  the  small  feed-water  heaters  varies  with  the 
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quantity  of  water  which  each  must  handle,  and  this  diminishes 
with  each  step  that  the  feed  is  advanced,  the  percentage  of  the 
total  feed  handled  by  each  heater  being  as  follows: 


TABLE  V. 
Peiicentage  of  the  Total  Feed  Passing  Each  Heater. 

(Xnmbers  assigned  heaters  agree  with  those  given  in  Fig.  1.) 


Number  of 
Evaporator 

Designation  of  Heater. 
(Number  of  heaters  one  less  than  number  of  evaporators.) 

in  Series. 

1 

2 

3 

4 

44 
54 
62 
64 
68 
72 

5 

6 

7 

8 

9 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

100 

100 
100 
100 
100 
100 
100 
100 
100 
100 

71 
76 

81 
84 
85 
86 
88 
90 

53 
63 

70 
75 

75 
78 
81 

37 
48 
52 
58 
63 

33 

40 
48 
53 

27 
37 
43 

25 
33 

23 

17.  From  values  in  the  preceding  table,  and  the  known  capa- 
city of  a  proposed  apparatus,  the  weight  of  water  in  pounds  which 
will  pass  each  heater  can  be  ascertained,  after  which  the  tube  sur- 
face of  each  small  heater  may  be  found  by  use  of  the  following 
formula,  A  =  0.00173  W,  in  which  A  is  the  required  area  of  tube- 
surface  in  the  heater  and  W  is  the  number  of  pounds  of  water 
passing  the  heater  per  hour.  On  the  basis  of  this  formula,  it  can 
be  shown  that  the  area  of  tube  surface  for  the  several  small  heat- 
ers of  a  seven-stage  apparatus,  designed  to  distil  1,000  gallons  of 
water  per  hour,  under  the  pressure  range  of  Class  A,  Table  I., 
should  be  as  follows : 


TABLE  VI. 
Square  Feet  of  Tube  Surface  ix  Small  Heater. 


Designation  of 
Heater, 

2d 

8d 

4th 

5tli 

6th 


Square  Feet  of 
Heating  Surface. 

4.8 

6.8 

8.8 
10.6 
12.4 
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This  will  serve  to  indicate  the  significance  of  the  small  heater  as 
a  part  of  the  general  design.  Since  all  are  relatively  small,  the 
action  of  the  apparatus  as  a  wliole  can  not  be  greatly  affected  if 
all  are  made  the  same  size.  If  in  the  preceding  example  all  were 
made  equal  to  tlie  mean  value  obtained  by  calculation,  the  surface 
of  eacli  would  be  8.0  square  feet,  and  the  area  assigned  the  several 


Fig.  45. 


evaporator   chambers    (Table    lY.)    may   be    reduced   by   a   like 
amount. 

18.  Having  now  determined  the  proportions  which  must  be 
given  the  several  members  of  the  apparatus,  it  should  be  stated 
that  the  arrangement  can  not  always  be  that  set  forth  in  Figs.  41 
and  *2.  In  a  low-pressure  system,  or  in  a  high-and-low  pressure 
system  (classes  B  and  C),  some  modification  in  the  mechanical  ar- 
rangement shown  by  the  diagrams  is  necessary.  Thus,  the  cham- 
bers which  are  low  in  the  scale  of  pressures  must  bo  so  arranged 
that  the  water  of  condensation  from  one  chamber  will  flow  freely 
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to  the  chamber  next  lower  in  pressure.  That  is  to  say,  it  will  be 
necessary  to  place  one  element  above  the  other.  The  reason  for 
such  an  arrangement  is  that  the  pressure  difference  between  each 
chamber  is  not  sufficient  to  overcome  the  head  of  water  equivalent 
to  the  distance  from  the  bottom  of  one  chamber  to  the  top  of  the 
next.  Just  how  many  chambers  will  need  to  be  so  arranged  can 
only  be  stated  when  the  conditions  of  the  individual  case  shall 
have  been  defined.  Obviously,  the  cycle  will  not  be  interfered 
\Yith.  or  the  working  of  the  apparatus  changed  if  all  the  elements 
are  arranged  in  a  vertical  series  instead  of  a  horizontal  series. 

19.  To  the  foregoing  should  be  added  the  fact  that  the  practi- 
cability of  the  cycle  described  has  been  well  established  by  the  per- 
formance of  a  small  seven-chamber  apparatus,  which  is  shown  by 
Fig.  1:5.  The  view  makes  the  machine  appear  more  complicated 
than  it  really  is,  since  the  heaters  are  made  up  of  pipe  fittings.  It 
shows  also  the  apparatus  with  most  of  the  covering  removed, 
whereas  in  service  all  portions  of  the  machine  were  covered  with 
non-conducting  material.  By  the  aid  of  this  apparatus  it  has  been 
shown  that  vaporization  takes  place  and  the  whole  action  proceeds 
as  has  been  described,  even  when  the  temperature  difference  be- 
tween adjacent  chambers  is  less  than  ten  degrees,  and  by  its  use 
facts  already  presented,  with  reference  to  capacity  and  efficiency, 
have  been  substantially  checked. 

In  conclusion,  the  writer  finds  pleasure  in  acknowledging  the 
important  assistance  rendered  both  in  the  analytical  study  and  in 
the  experimentation  which  followed  it,  by  Prof.  K.  S.  Miller  and 
Mr.  Charles  Ducas,  Junior  Members  of  the  Society. 

DISCUSSION. 

21  r.  II.  II.  Suplee. — I  should  like  to  ask  wherein  tliis  arrange- 
ment of  evaporators  differs  from  the  multiple-effect  evaporating 
pan  system  of  Rillieux,  as  used  in  the  manufacture  of  sugar.  I 
believe  that  some  of  the  vessels  of  the  United  States  navy  are 
equipped  with  multiple-effect  evaporators  which  are  practically 
the  same  as  those  used  in  sugar  works,  and,  so  far  as  I  can  recall, 
the  arrangement  is  practically  the  same  as  that  described  in  the 
paper. 

Prof.  D.  S.  Jacohus. — It  is  stated  that  the  losses  of  heat  which 
occur  are  those  of  radiation  and  those  represented  by  the  differ- 
ences in  the  temperature  or  condition  between  the  liquid  supplied 
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ami  the  comlcnsatc  deli ve rod.  In  testing  a  large  Yaryan  triple- 
etfeet  evaporator,  I  found  that,  in  order  to  get  rid  of  air  which 
would  otherwise  accumulate,  we  had  to  lead  some  steam  from 
each  effect  directly  into  the  one  below  it  by  partly  opening  by- 
pass valves  provided  for  the  purpose.  If  the  air  were  allowed 
to  accumulate,  it  would  reduce  the  capacity  of  the  evaporator. 
This  naturally  lowered  the  efficiency.  Will  Professor  Goss 
kindly  tell  us  whether  he  has  noticed  any  similar  action  in  the 
operation  of  his  aj^paratus? 

Prof.  ir.  F.  J/.  Goss. — Kesponding  to  the  question  of  Mr. 
Suplee,  I  would  say  that  in  all  other  multiple-effect  evaporating 
systems  with  which  I  am  familiar  the  condensation  from  each  pan 
or  chamber  is  drawn  out  separately,  cooled  and  delivered.  The 
presence  of  the  cooler  leads  to  large  losses  of  heat,  and  the  series 
can  not  be  made  to  include  very  many  effects.  In  the  apparatus 
under  consideration,  the  entire  discharge,  not  of  vapor  only,  but 
of  condensate  as  Avell,  of  one  chamber  is  carried  on  to  heat  the 
chamber  of  the  next  lower  temperature,  and  at  the  end  of  the 
scries  the  distillate  of  all  chambers  is  delivered  and  cooled  in  the 
form  of  a  single  stream. 

Our  experiments  have  not  developed  any  difficulty  of  the  kind 
referred  to  by  Professor  Jacobus.  The. apparatus  illustrated  in 
Fig.  45  has  been  kept  in  continuous  operation  for  periods  of  twelve 
f)r  fourteen  hours,  with  no  diminution  in  capacity  or  efficiency. 

Professor  Jacobus. — If  the  apparatus  were  operated  Avith  a 
vacuum  at  the  last  effect,  the  difficulty  mth  the  air  might  have 
been  experienced.  In  the  tests  of  the  Yaryan  evaporator  there 
was  a  high  vacuum  at  the  last  effect,  and  the  capacity  was  con- 
siderably reduced  if  it  was  operated  an  hour  or  so  without  open- 
ing the  by-pass  valves. 

Professor  Goss.'^^lt  is  true,  as  has  been  suggested,  that  all  of 
our  experiments  have  been  with  a  high-pressure  system.  We  have 
not  used  a  vacuum.  A  study  of  the  course  of  the  feed  and  of  the 
distillate  tlirough  this  apparatus  is,  however,  reassuring,  since  the 
distillate  from  all  sources  is  constantly  leading  on  in  a  single 
di portion,  and  will,  I  think,  carry  with  it  'a  reasonable  amount  of 
entrained  air.  For  this  reason,  I  do  not  anticipate  trouble  of  the 
sort  descriV)ed,  at  whatever  pressure  the  apparatus  may  be  used. 

It  has  been  suggested  that  the  value  of  the  paper  would  be  in- 
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creased  if  there  were  added  a  statement  concerning  the  cost  of  dis- 
tilling water  by  means  of  the  apparatus  described.  The  cost 
necessarily  depends  somewhat  upon  local  conditions.  For  each 
dollar  cost  per  ton  of  coal,  a  seven-chambered  apparatus  of  the 
high-pressure  t^^^e  requires  7.1  cents'  worth  of  fuel  per  thousand 
gallons  of  water  distilled.  Assuming  such  an  apparatus  to  work 
300  days  in  the  year,  and  to  cost  $3  per  foot  of  tube  surface,  the 
interest  and  depreciation  charges  at  10  per  cent.,  the  first  cost 
amounts  to  something  less  than  6  cents  per  thousand  gallons,  mak- 
ing the  total  cost  of  distilled  water,  excluding  attendance,  which 
may  be  little  or  much,  13  cents  per  thousand  gallons.  A  general 
statement  of  these  facts  is  as  follows : 

Cost  in  cents  per  thousand  gallons  =  7.1  x  cost  of  coal  per 
ton  in  dollars  +  6. 

.  Since  the  apparatus  requires  no  cooling  water,  no  costs  can 
arise  on  this  account,  a  fact  which,  under  some  conditions  of  ser- 
Aace  gives  the  series  apparatus  an  important  advantage  over 
others  of  more  simple  form. 

The  following  tabulated  statement  constitutes  a  more  elaborate 
presentation  of  the  facts  affecting  cost  as  based  upon  an  apparatus 
of  a  thousand  gallons  per  hour  capacity : 

1.  Number  of  evaporating  cliambers 4  7  10 

2.  Gallons  of  water  distilled  per  year,  assuming 

300  working  days  of  24  hours  each 7,200,000  7,200,000  7,200,000 

3.  Pounds  of  coal  per  year • 1,670,000  1,019,000  790,000 

4.  Cost  of  coal  at  one  dollar  per  ton,  dollars. .            855  510  395 

5.  Area  of  tube  surface  in  plant,  feet 770  1,393  1,914 

6.  Cost  of  complete  plant  on  the  basis  of  three 

dollars  per  foot  of  tube  surface,  dollars. .  2,210  4,176  5,713 

7.  Annual  interest  and  depreciation,  10  p.  c.  221  417  57) 

8.  Annual  total  cost,  excluding  attendance. . .  1,076  927  970 

9.  Fuel   cost    per   thousand   gallons   for  each 

dollar  cost  per  ton  of  coal,  cents 11.8  7.1  5.0 

10.  Interest  and  depreciation  charges  per  thou- 

sand gallons,  cents 3.1  5.7  7.9 

11.  Fuel,  interest   and   depreciation  per  thou- 

sand  gallons,  coal  at  one  dollar  per  ton^ 

cents f^  14.9  12.8  13.4 

12.  Fuel,   interest  and  depreciation  per  thou- 

sand gallons,  coal  at  two  dollars  per  ton, 

cents 26.7  19.9  18.9 

13.  Fuel,   interest  and  depreciation   per  thou- 

sand gallons,  coal  at  three   dollars   per 

ton.  cents 38.5  27.0  24.4 
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THE  PRESSURE   TEMPERATURE  CURVE  OF  SUL- 
PHUROUS ANHYDRIDE  (SO,), 

BY  EDWARD  F.    MILLER,   BOSTON,   MASS. 

(Member  of  the  Society.) 

1.  The  use  of  sulphurous  anhydride  as  one  of  the  working 
vapors  in  the  "  Binary  Heat  Engine  "  or  "  Waste  Heat  Engine  " 
has  made  evident  the  need  of  more  complete  tables  of  the  proper- 
ties of  this  vapor,  especially  at  the  high  pressures. 

2.  A  series  of  articles  by  Prof.  R.  H.  Thurston  printed  in  the 
Journal  of  the  Franklin  Institute,  1902,  explains  fully  the  prin- 
ciple of  this  engine. 

3.  A  paper  b}'  the  writer,  read  before  the  I^ew  England  Water 
Works  Association,  printed  in  the  1902  proceedings  and  reprinted 
in  Engineering  News  of  l^ovember  27,  1902,  gives  an  account 
of  the  engine  at  the  Technische  Hochschule  at  Charlottenberg 
with  results  of  tests  made  on  the  engine. 

4.  Volume  Xll.  of  Transactions  of  A.  S.  M.  E.  contains  the  re- 
sults of  an  experimental  determination  of  the  latent  heat  of  SO, 
by  Professor  Jacobus. 

5.  Messrs.  Flowers  and  Walton,  of  Cornell,  tabulated  the  work 
of  the  various  experimenters  on  SO  and  from  this  tabulation 
constructed  tables  of  the  properties  of  this  vapor.  These  tables 
are  the  most  complete  of  any  the  writer  knows  of. 

6.  The  work  presented  in  this  paper  was  carried  on  under  the 
direction  of  the  writer  by  Mr.  D.  D.  Mohler,  a  senior  in  the  course 
in  Chemical  Engineering  at  Mass.  Inst.  Technology. 

7.  The  apparatus  in  w^h  the  SO3  was  vaporized  consisted  of 
an  aluminum  bronze  cylinder  with  hemispherical  end  and  cover,  7^ 
inches  inside  diameter  and  10  inches  in  length  inside  of  cover. 


•  Pre«ent«d  at  the  New  York  meeting  (December,  1903)  of  the  American 
Society  of  Mechanical  Engineers,  and  forming  part  of  Volume  XXV.  of  the 
Transactions. 
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This  cylinder  was  placed  on  end  inside  of  a  copper  kettle  15 
inches  in  diameter  and  15  inches  tall,  which  was  open  at  the  top. 
The  kettle  was  covered  on  the  outside  with  magnesia  to  a  depth  of 
2  inches,  and  the  bottom  rested  on  an  electric  stove. 

8.  Cylinder  oil  filled  the  space  between  the  kettle  and  the  cylin- 
der to  a  depth  of  5  inches. 

9.  Immersed  in  the  oil  there  was  a  heating  coil  of  25  feet  of  No. 
24  B.  &  S.  gauge  iron  wire  and  a  stirrer  with  vanes  turned  so  as 
to  drive  the  oil  from  the  top  downwards.  This  stirrer  was  driven 
by  a  -^-^  horse-power  motor. 

10.  The  cover  of  the  aluminum  bronze  cylinder  was  provided 
with  a  gauge  connection,  a  filling  valve  and  a  thermometer  well 
reaching  down  into  the  liquid  SO 

11.  Temperatures  of  the  SOa  were  determined  by  an  Alvergnait 
millimeter  thermometer  graduated  to  tV  of  a  degree  Fahr. 

12.  Pressures  were  measured  by  a  gauge  of  large  diameter  pro- 
vided with  a  steel  tube  made  specially  for  this  purpose. 

13.  This  gauge  could  be  read  to   yV  of  a  pound. 

14.  The  SO.^  used  was  found  by  chemical  analysis  to  be  99.3  per 
cent,  pure  with  .3  per  cent,  of  CO^   and  .4  per  cent.  air. 

15.  In  filling  the  aluminum  bronze  cylinder  ^Yiih  SO 2  the  air 
was  first  exhausted  to  a  vacuum  of  28  inches.  Liquid  SO  was  then 
run  in  till  the  pressure  inside  the  cylinder  was  the  same  as  that 
of  the  atmosphere.  The  cylinder  was  then  exhausted  again  to 
28  inches  vacuum  and  more  SO2  supplied.  The  operation  was 
repeated  a  third  time. 

16.  x\fter  the  air  had  been  removed  eight  pounds  of  liquid  SO2 
were  run  in.  This  amount  brought  the  level  of  the  liquid  SO,  a 
little  above  that  of  the  cylinder  oil  in  the  outer  kettle. 

17.  The  oil  could  be  heated  sufficiently  in  from  10  to  15  minutes 
by  the  resistance  coil  to  cause  an  increase  of  pressure  of  5  pounds 
inside  the  cylinder. 

18.  After  heating  to  the  desired  temperature  the  current  was 
turned  from  the  coil  and  the  electric  stove  under  the  kettle  was 
used  to  supply  sufficient  heat  to  make  up  for  that  lost  by  radiation. 

19.  By  this  means  the  pressure  could  be  maintained  nearly  con- 
stant for  a  considerable  space  of  time. 

20.  A  series  of  preliminary  observations  gave  sufficient  data  to 
enable  one  to  plot  the  curve  with  considerable  accuracy. 

21.  The  final  observations,  covering  a  continuous  period  of  24 
hours  were  taken  as  follows:  At  low  temperature  20  to  25  readings 
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wore  taken  at  each  prossuro  at  15  second  intervals.  The  ther- 
mometer readings  for  each  set  were  practically  constant:  when  the 
hii^her  pressures  were  reached,  where  the  temperature  change  is 
sli«^ht  for  a  considerable  change  of  pressure,  it  was  found  that  the 
thermometer  lagged;  the  gauge  showing  a  change  before  any 
movement  of  the  mercury  could  be  detected. 

22.  To  allow  for  this  lag  of  the  thermometer  readings  were  be- 
gim  when  the  gauge  had  reached  within  xV  of  a  pound  of  the  max- 
imum pressure  and  were  continued  at  15  second  intervals  till  the 
pressure  had  fallen  to  Vir   pound  below  the  maximum  pressure. 

23.  It  was  assumed  that  the  lag  of  the  thermometer  on  a  falling 
pressure  and  falling  temperature  would  be  the  same  as  the  lag  on 
a  rising  pressure  and  rising  temperature. 

24.  In  some  cases  as  many  as  40  observations  were  taken  on  one 
determination. 

25.  The  observations  corrected  for  the  lag  of  the  thermometer 
and  for  errors  in  the  thermometer  and  in  the  gauge  are  given 
below : 

TABLE  I. 
Summary  of  Corrected  Observations. 


U 

CO 
g 

B 

Pressure 

Lbs. 
Absolute. 

E 

Eh 

Pressure 

Lbs. 
Absolute. 

0) 
u 

a 

Pressure 

Lbs. 
AI)8olute. 

68.20 

49.41 

131.93 

138.70 

171.00 

243.61 

198.71 

352.12 

74.88 

55.35 

139.11 

154.40 

172. ':8 

249.65 

200.01 

358.01 

81.04 

61.77 

142.86 

160.92 

176.51 

262.71 

201.21 

363.80 

H7 .  05 

6s.  80 

144.06 

1H6.45 

178.97 

270.96 

202.33 

368.76 

9-2 .  22 

76.07 

146.31 

173.20 

180.33 

276.78 

203.05 

371.84 

m .  'M 

82.56 

148.65 

178.46 

183.32 

287.50 

204.97 

381.18 

10:{  12 

89.59 

151.13 

184.59 

185.01 

294.73 

206  49 

388.04 

106  20 

94  72 

154.37 

193.12 

187.51 

303.26 

207.24 

392.48 

U>9  62 

99.77 

156.63 

200.01 

1  189.24 

311.20 

208.26 

398.08 

112  :;2 

104.57 

158.29 

204.80 

191.29 

317.2.1 

209.80 

405.89 

nrio.'i 

109  01 

161.04 

215.58 

192  58 

323.64 

210.41 

409.72 

124  72 

125.75 

164.22 

222.73 

194.19 

330.54 

211.14 

416.74 

T 

13.",  29  ! 

166.71 

229.21 

195.23 

337.25 

137  17 

168.53 

236.03 

197.14 

344.70 

20.  The  writer  has  plotted  both  these  observations  and  those 
repff^'nting  Kegnault's  r-iirve  on  jilotting  paper  11  feet  by  4  feet 
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G  inches  and  after  drawing  a  smooth  curve  through  the  points  has 
read  from  this  curve  the  pressure  corresponding  to  each  degree. 

27.  At  high  pressure  the  work  may  be  in  error  possibly  one 
pound,  at  lower  })ressure  the  error  is  much  less. 

28.  The  following  table  will  enable  one  to  compare  the  results 
obtained  by  the  various  experimenters: 


TABLE   II. 
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^■r  tt. 

52=0 

1          o 

«  G  53 

f^Z 

-'  '^  G 

'{:  "T   ~t 
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a 

Eh 

Pressii 
Tabnlati 
Flowers 

Pr 
Expe 
Sajot 

Ph  —as 

to   G  ■" 

Temp 

*  5  ~ 
i--  > 

£|| 
177.8 

'1. .—  _2 

68 

47.7 

47.6 

47.9 

149 

180.6 

178.0 

179.5 

77 

56.4 

56.4 

56  6 

158 

200.8 

210.4 

203.8 

86 

66.4 

66.4 

66.7 

167 

226.1 

230.7 

95 

77.7 
90.3 

80.1 

77.6 
90.4 

78.0 
90.6 

171.5 
176 

251 . 7 

245  2 

104 

253.5 

265.9 

260.5 

113 

104.4 

120.1 
137.5 
156.7 

123^9 
163.0 

iii.o 

104.5 

120^4 
1 37 . 9 
157.1 

104.7 
109.9 
120.5 
137.9 
157.6 

194 

209.3 

212 

248 

302 

330  3 

396  "3 

331  1 

116  1 

402  0 

122 

..408.9 

418.0 

131 

.... 

610.9 

140 

1  050.3 

29.  Regnault  experimented  between  the  temperatures — 40  de- 
grees Fahr.  and  149  degrees  Fahr. ;  Sajotschewski  between  122 
degrees  Fahr.  and  302  degrees  Fahr.,  determining  8  points.  This 
curve  is  above  the  others  up  to  about  200  degrees  Fahr.  where  it 
apparently  crosses;  Blumckc  between  95  degrees  Fahr.  and  209.3 
degrees  Fahr.,  determining  5  points. 
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TABLE   IIL 


Saturated  Sulphurous  Anhydride. 


Temperatures  and  Pressures  Corresponding  as  Read  from  the  Plot  ;  no  Attempt  Made 
TO  Correct  Values  by  Making  Use  of  a  Table  of  Second  Differences. 


2 

CO 

s 

Pressure 

Lbs. 
Absolute. 

a 

Co 

E 

<u 

H 

3 

Pressure 

Lbs. 
Absolute. 

s 
■^ 

CO 

a 

46 

Pressure 

Lbs. 
Absolute. 

2 

3 
CO 

a 

a> 

-5           Pressure 
?               Lbs. 
CO          Absolute, 

2 

3 
Co 

B 

Pressure 

Lbs. 
Absolute. 

Temperature 
°F. 

Pressure 

Lbs. 
Absolute. 

-40 

3.1 

11.2 

30  7 

89 

132 

139.9 

175 

257.0 

-39 

3.2 

4 

11.5 

47 

31.4 

90 

71.6 

133 

141.9 

176 

260.5 

-38 

3.3 

5 

11.8 

48 

32.1 

91 

72.8 

134 

143.9 

177 

264.0 

-37 

3.4 

6 

12.1 

49 

32.8 

92 

74.1 

135 

146.0 

178 

267  6 

-36 

3.6 

7 

12.4 

50 

33.5 

93 

75.4 

136 

148  2 

179 

271.2 

-35 

3.7 

8 

12.7 

51 

34.2 

94 

76.7 

137 

150.5 

180 

274.9 

-34 

3.8 

9 

13.1 

52 

34.9 

95 

78.0 

138 

152.8 

181 

278.6 

-33 

4.0 

10 

13.4 

53 

35.6 

96 

79.3 

139 

155.2 

182 

282.4 

-32 

4.1 

11 

13.7 

54 

36.4 

97 

80.7 

140 

157.6 

183 

286.3 

-31 

4.2 

12 

14.0 

55 

37.1 

98 

82.1 

141 

159.9 

184 

290.2 

-30 

4.3 

13 

14.4 

56 

37.9 

99 

83.5 

142 

162.3 

185 

294.2 

-29 

4.5 

14 

14.8 

57 

38.7 

100 

84.9 

143 

164.7 

186 

298.2 

-28 

4.7 

15 

15.2 

58 

39.4 

101 

86.3 

144 

167.1 

187 

302.2 

-27 

4.9 

16 

15.6 

59 

40.2 

102 

87.7 

145 

169.5 

188 

306.2 

-26 

5  0 

17 

16.0 

60 

41.0 

103 

89.1 

146 

171.9 

189 

310  2 

-25 

5.1 

18 

16.4 

61 

41.8 

104 

90.6 

147 

174.4 

190 

314.3 

-24 

5.2 

19 

16.8 

62 

42.6 

105 

92.1 

148 

176.9 

191 

318.4 

-23 

5.4 

20 

17.2 

63 

43.4 

106 

93.6 

149 

179.5 

192 

322.6 

-22 

5  5 

1  21 

17.6 

64 

44.3 

107 

95.1 

150 

182.1 

193 

326.8 

-21 

5.7 

22 

18.0 

65 

45.2 

108 

96  7 

151 

184.8 

194 

331.1 

-20 

5.9 

23 

18.4 

66 

46.1 

109 

98.3 

152 

187.4 

195 

335.4 

-19 

6.0 

24 

18.8 

67 

47.0 

110 

99.9 

153 

190.0 

196 

339.8 

-18 

6  1 

25 

19.3 

68 

47.9 

111 

101.5 

154 

193.7 

197 

344.2 

-17 

6.3 

26 

19.7 

69 

48.8 

112 

103.1 

155 

195.4 

198 

348.7 

-16 

6  5 

27 

20.1 

70 

49.7 

113 

104.7 

156 

19S.2 

199 

353.2 

-15 

6.7 

28 

20.6 

71 

50.6 

114 

106.3 

157 

201.0 

200 

357.7 

-14 

6  9 

29 

21.0 

72 

51.6 

115 

108.0 

158 

203.8 

201 

362.3 

-13 

7.1 

30 

21.5 

73 

52.6 

116 

109.7 

159 

206.6 

202 

367.0 

-12 

7.3 

31 

22.0 

74 

53.6 

117 

111.4 

160 

209.5 

203 

371.8 

-11 

7.5 

32 

22.5 

75 

54.6 

118 

113.2 

161 

212.4 

204 

376.7 

-10 

7.8 

33 

23.1 

76 

55.6 

119 

115.0 

162 

215  3 

205 

381.6 

-9 

8.0 

34 

23.6 

77 

56.6 

120 

116.8 

163 

218.3 

206 

386.6 

-8 

8.3 

35 

24.2 

78 

57.7 

121 

118.6 

164 

221.4 

207 

391.7 

-7 

8.5 

36 

24.7 

79 

58.8 

122 

120.5 

165 

224.5 

208 

396.7 

-6 

8.7 

37 

25.3 

80 

59.9 

123 

122.4 

166 

227.6 

209 

401.8 

—5 

9.0 

38 

25.9 

81 

61.0 

124 

124.3 

167 

230.7 

210 

407.0 

-4 

9.3 

39 

26.5 

82 

62.1 

125 

126.2 

168 

233.9 

211 

412.5 

-3 

9.5 

40 

27.1 

83 

63.2 

126 

128.1 

169 

237.1 

212 

418.0 

-2 

9.7 

41 

27.7 

84 

64.3 

127 

130.0 

170 

240.3 

-1 

10.0 

42 

28.2 

85 

65.5 

128 

131.9 

171 

243.6 

0 

10.3 

43 

28.8 

86 

66.7 

129 

ri33.9 

171 

246.9 

1 

10.6 

44 

29.4 

87 

67.9 

130 

135.9 

173 

250.2 

2 

10.9 

45 

30.1 

88 

69.1 

131 

137.9 

174 

253.6 
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Mr.  S.  A.  Mass. — Investigation  of  Profescsor  Miller's  table  of 
final  results.  Table  III.,  seems  to  indicate  that  he  has  given  more 
.rht  to  Kegnaiili's  values  than  to  his  own  in  the  region  where 
uic  experiments  overlap.  In  this  region  Professor  Miller's  pres- 
sures, as  shown  by  the  unsmoothed  values  given  in  Table  I.,  are 
higher  than  Kegnault's.  Woidd  it  not  be  better  to  give  a  table 
of  the  smoothed  values  actuaUy  obtained  bv  Professor  Miller 
instead  of  Table  III.,  which  gives  values  from  6S  decrees  to  1-19 
degrees  lower  than  he  obtained  i 

It  has  been  intere^sting  to  compare  Pr«3fessor  Miller's  values 
with  those  which  woidd  have  been  predicted  by  Ramsay's  and 
Yor.'  _'-  general  law  for  vapor  pressures.     This  law,  which  is  not 

as  g y  known  as  its  importance  deserves,  gives  a  means  of 

computing  the  vapor  pressure  corresponding  to  any  temperature, 
if  a  few  values  of  corresponding  pressure  and  temperature  are 
known. 

In  a  modiii^  form  (see  Physical  Berieir.  Vol.  XVI.,  Xo.  6, 
June,  1903)  the  law  is  as  foUows:  Let  Tx  be  the  absolute  tem- 
perature corresponding  to  any  vapor  pressure  for  substance  j, 
and  Tur  the  absolute  temperature  corresponding  to  the  same  pres- 
sure for  water  vapor,  as  given  bv  Steam  Tables^     Then   -^  = 

1  "  ^-^ 

^Y ^  where  a  and  h  are  constants,  different  for  each  stib- 

stance.  The  values  given  by  Professor  Miller  in  Table  L  follow 
the  law  exactly  up  to  about  157  degrees.  The  constants  as  com- 
puted for  this  region  from  Table  L  give  as  the  equation  for  SO^, 

—^=1.^0^7    — .«:"m:'36. 

AlKolute  zero  is  taken  as  —  459.5  degrees  Fahr.     If  Eamsays 

and  \  oung's  law  holds  true  for  all  values,  this  equation  gives  the 

^.i*'!r4»i..n   t»^M.r^^ture  for  any  pressure  whatever  if  we  know 

iiperatnre  for  water  vapor  (steam)  at  that  pres- 

As  sUted,  the  values  given  by  Professor  Miller  in  Table  I. 
-  law  exactly  up  to  157  degrees.  Beyond  this  point  there 

^'  ^re.  the  pressures  given  by  the  law  being  lower 

ihai.      .  r-r   ^n»:i  by  Professor  Miller.     This  departure  is  noth- 
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ing  at  157  degi-ees  and  gradiiallv  increases.  For  407  pounds 
pressure.  Professor  Miller  gives  210  degrees,  while  the  tempera- 
ture predicted  by  the  law  is  215.2.  This  discrepancy  indicates 
either  that  Ramsay's  and  Young's  law  does  not  hold  for  the  higher 
pressures  of  .S'O,  or  else  that  Professor  Miller's  higher  pressures 
are  somewhat  too  great. 

Professor  Miller.^ — The  values  given  by  Regnault  between  68 
degrees  and  149  degi-ees  were  given  equal  weight  with  points 
determined  by  these  experiments. 

If  these  had  been  disregarded,  the  pressures  at  the  lower  end 
of  the  curve  would  have  been  from  .1  to  .2  pound  higher.  As 
Eegnault's  values  were  used  below  68  degrees,  it  seemed  best  to 
draw  one  smooth  curve  through  all  the  points. 

I  have  read  with  much  interest  the  article  by  ^Ir.  Moss  in 
Physical  Bevieu^  Vol.  XVI.,  Xo.  6,  and  had  intended  to  make 
a  calculation  to  show  the  agreement.  I  can  offer  no  explanation 
as  to  the  cause  of  the  variation  cited. 

*  Author's  Closure  under  the  Rules. 
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THE  PITOT  TUBE. 

BT  W.  B.  GREGORY,  NEW  ORLEANS,  LA. 

(Member  of  the  Society.) 

1.  Tlio  object  of  this  paper  is  to  call  attention  of  the  members 
of  the  Society  to  a  simple,  efficient  instrument  for  measuring  the 
velocities  of  fluids. 

This  instrument  was  invented  by  Pitot  in  1730,  the  form  first 
used  by  him  is  shown  in  Fig.  47.  It  consisted  of  a  glass  tube, 
bent  at  right  angles,  one  end  of  which  was  placed  in  a  stream  of 
moving  liquid,  the  end  facing  the  direction  of  motion  squarely 
witii  an  orifice  less  in  area  than  the  tube.  The  impact  due  to 
velocity  forced  the  liquid  up  the  vertical  portion  of  the  tube 
to  a  height  h  and  gave  a  measure  of  the  velocity  according  to 
the  law  V  =  ^/'2gh.  A  second  tube  open  at  the  bottom,  was 
added  later;  the  two  tubes  being  placed  in  a  groove  in  a  tri- 
angular prism  of  wood.  Fig.  48  is  a  copy  of  the  drawings  of  the 
til  1)0  as  described  by  Pitot. f  E  is  the  impact  opening  of  this  tube, 
placed  at  one  angle  of  the  triangle  forming  the  cross-section 
of  the  ])rism.  Suitable  scales  FG  and  LI  were  made  on  the 
metal  slide  which  is  provided  with  clamps  so  that  it  could  be 
rai.sed  or  lowered  as  the  ends  of  the  tubes  were  placed  at  the 
desired  depth;  from  these  scales  were  obtained  the  difference  of 
level  of  the  water  in  the  two  tubes  and  direct  readings  of  veloc- 
ity resjK'ctively. 

2.  'J'he  Pitot  tube  was  mentioned  in  a  paper  read  before  the 
Frcncli  Academy  of  Sciences  by  M.  Dubuat  in  1753,  and  the  sug- 
gestion offered  that  the  tubes  be  made  of  tin,  and  that  thej^ contain 
floats  carrying  a  rod  moving  in  front  of  a  scale  from  which  the 

•  Presented  at  the  New  York  meeting  (December,  1903),  of  the  American 
Society  of  Mechanical  Engineers,  and  forming  part  of  Volume  XXV.  of  the 
Trarnfw  lions. 

t  UUtoire  de  V Atadimii  de»  Sciences,  1732,  page  376. 
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heights  could  be  read.  The  instrument  was  improved  and  used  by 
Darcy  and  Bazin ;  Fig.  49  shows  the  form  used  by  them.  It  con- 
sists of  two  tubes,  one  drawn  to  a  fine  point  and  pointing  up 
stream,  the  other  with  small  openings  on  top  and  bottom  at  the 
point  a  as  sho^vn  in  Fig.  49.  The  first  of  these  is  the  impact  tube 
and  the  second  the  pressure  or  static  tube;  the  tops  of  the  two  tubes 
are  connected  so  that  a  partial  vacuum  formed  above  the  liquid 
in  them  will  cause  the  liquid  in  both  to  rise  by  the  same  amount 


Orc^ury 
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Ftg.  47. 


to  a  height  convenient  for  reading.  The  instrument  being  in 
place,  the  air  is  exhausted,  having  opened  the  stop  cocks  It  and  Zt', 
until  the  liquid  is  raised  to  the  desired  height  when  R  is  closed. 
In  using  the  instrument  to  determine  velocity,  more  or  less  vibra- 
tion occurs  in  the  two  columns  depending  somewhat  on  the  uni- 
formity of  the  velocity  being  measured,  the  size  of  the  tubes,  their 
openings,  etc.  Maximum  and  minimum  readings  may  be  observed 
and  a  mean  computed,  or  a  mean  reading  may  be  determined 
directly  from  the  instrument.  If  the  openings  are  small,  the 
vibrations  will  be  small ;  partially  closing  the  cock  R^  has  the  effect 
of  causing  the  instrument  to  average  the  readings.  Finally  R^ 
may  be  quickly  closed  at  the  mean  reading  and  the  difference  of 
level  read  with  deliberation.     The  researches  of  Darcy  and  Bazin 
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wore  ])iil>lislu'tl  in  ISi),").  They  found  for  the  tube  described  that 
in  the  formula  v=  cp  V'^gh,  cp  was  approximately  equal  to  unity, 
its  vahie  varving  slightly  according  to  the  three  different  methods 
of  rating  which  were  as  follows  :^ 

(1)  J^v  j)hicing  the  tube  in  front  of  a  boat  and  drawing  it 
through  still  water  at  different  velocities.  This  gave  a  coefficient 
of  1.034. 

(2)  By  observing  the  readings  in  a  stream,  the  velocity  being- 
obtained  by  floats,  coefficient  1.006. 

(3)  By  readings  taken  in  different  parts  of  a  canal  in  which 
the  amount  of  water  passing  was  known  by  measurements  of  its 
volume.     Coeflicient  0.093. 

The  first  coefficient  was  believed  to  be  too  large,  as  the  current 
may  have  struck  the  orifice  at  an  angle,  due  to  the  water  being 
raised  in  front  of  the  bow  of  the  boat. 

3.  Many  others  have  experimented  with  this  instrument  in 
recent  years,  the  instrument  taking  different  forms,  according  to 
the  ideas  of  the  men  who  designed  and  used  them.  The  form  de- 
parted radically,  in  many  cases  from  that  used  by  Darcy  and 
I^azin ;  the  results  obtained  have  been  variously  interpreted. 
Most  of  these  instruments  have  had  a  coefficient  cp  less  than  unity 
in  the  formula  r  =  cp  V^^A,  which  transposed  gives  a  value  of  /i, 

greater  than  ^^  the  head  due  to  velocity.     This  led  to  the  belief  f 

that  the  correct  theoretical  formula  for  the  Pitot  tube  is  "^  =  Vg^ 
and  it  is  so  stated  in  some  text  books.  This  belief  was  strength- 
ened by  the  fact  that  in  some  cases  the  rating  of  the  tubes  gave 
results  which  corresjKjnded  reasonably  Avell  wdth  this  formula,  as 
in  the  exj)eriments  of  Weisbach.ij: 

4.  A  connnon  belief  also,  was  that  the  shape  of  the  impact  end, 
whether  conically  divergent,  conically  convergent,  with  thin  walls 
or  thick  walls,  had  a  marked  effect  on  the  value  of  the  constant 
of  a  i)articular  tube.  As  a  matter  of  fact,  it  makes  very  little 
difference  so  far  as  accuracy  of  results  is  concerned,  what  the  form 
of  the  in.strunient  is  or  what  the  value  of  its  coefficient  may  be 
if  we  know  its  value,  for  in  any  case  we  may  write   v  =  OVh- 

*  Rfcfurrhe.B  hydrmil.ifinfH,  ent reprises  par  M.  IT.  Darcy  continuees  par  M.  JI. 
Bazin.  Eilruit  (Uh  Mcrnoires  prhenies  par  divers  savants  d  VAcadimie  des 
fkienees  dt  Vluntiiutt  Imperial  de  France,  Paris,  18G5,  Vol.  XIX. 

f  Sec  Vol.  XXII.  Tranmrtions  A.  S.  M.  E.,  pa^ro  284. 

t  Church '.s  "  AI»'rl,f,r,lr<<  of  P^Dgineering,"  page  7.")2. 
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However  the  value  of  the  coefficient  must  be  known,  in  general, 
by  careful  rating,  which  in  itself  requires  a  large  outlay  of  time 
and  labor  and  also  requires  conditions  which  may  not  be  within 
easy  reach  of  the  engineer. 

5.  All  this  diversity  of  opinion  as  to  Avhether  the  correct  theo- 
retical formula  was  v  =  V^^A  or  -y  =  Vgh  and  the  conflicting 
values  of  the  coefficients  which  had  been  found,  may  be  summed 
up  in  two  questions — (1)  Which  formula  is  theoretically  correct? 
(2)  Can  a  tube  be  built  which  will  fulfil  these  requirements  and 
so  not  require  rating  1 

6.  The  answer  to  these  questions  was  given  by  W.  M.  White  in 
a  paper  before  the  Louisiana  Engineering  Society  in  May,  1901. 
This  pa»per  was  entitled  ''  The  Pitot  Tube ;  Its  Formula."  *  It 
is  a  report  on  experimental  research  of  the  highest  order  and  re- 
flects great  credit  on  its  author. 

7.  After  a  brief  description  of  the  different  formulae  that  have 
been  used  with  the  Pitot  tube,  a  method  is  given  of  deducing  its 
equation.  This  is  followed  by  descriptions  of  experiments  which 
lead  to  the  flnal  conclusions. 

8.  Mr.  White  first  investigated  the  distribution  of  pressure  in  a 
flat  circular  plate  on  which  a  stream  of  water  was  allowed  to  fall, 
the  plate  having  openings  from  which  the  pressure  of  the  liquid 
above  could  be  obtained.  He  found  by  carefully  adjusting  the 
plate  so  that  its  centre  was  exactly  under  the  falling  column  of 
water  that  the  pressure  at  this  point  was  just  sufficient  to  support 
a  column  of  water  equal  to  the  height  from  which  the  water  had 
fallen,  and  that  the  total  pressure  on  the  plate,  as  obtained  by 
summing  the  pressures  of  the  annular  rings  composing  the  plate, 
was  approximately  equal  to  twice  the  area  of  the  jet  times  the 
height  through  which  the  water  had  fallen.  These  experiments 
were  followed  by  others  on  the  impinging  of  a  falling  jet  of  water 
upon  nozzles  of  different  forms.  Four  different  nozzles  were 
used ;  they  are  shown  in  Fig.  50. 

9.  Briefly,  he  found  that  after  the  nozzles  were  adjusted  ac- 
curately to  the  centre  of  the  falling  stream  of  water,  that  the 
pressure  produced  was  capable  of  sustaining  a  column  of  water 
almost  exactly  equal  to  the  height  of  the  source  of  the*  falling 
water,  the  very  small  discrepancy  being  due  to  the  friction  of  the 
falling  water  with  the  air.     This  was  true  in  every  case,  showing 

■"  "  Journal  of  the  Association  of  Engineering  Societies,"  August,  1901. 
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that  \\\v  form  of  tlic  iin})a('t  tube  did  not  influenco  tlie  constant 
of  a  Pitot  tube  in  case  the  oj)ening  be  placed  at  the  centre  of  a 
surface  of  revohition. 

10.  These  tubes  liaving*  nozzles  A,  B,  C  and  D  of  Fig.  50  were 
then  placed  in  front  of  a  catamaran  and  hauled  through  still  water 
in  an  open  canal,  the  velocity  being  obtained  from  the  time  re- 
quired to  pass  over  a  measured  course,  and  the  height  from  the 


Urtgory 


B 


\ 

jl 

i    i 

\     1 

c 

0 

}4 

D 

1                2 

Scale  in  Inches. 

0     f     2    3    i    C 
Centimeters 


Fig.  50. 


surface  of  the  water,  to  which  the  liquid  was  forced,  accurately 
measured  from  the  surface  of  the  canal.  The  constant  q)  to  be 
used  in  the  formula  v  =z  (p  ^2gh  as  obtained  from  these  experi- 
ments was  1.0()r>:i  for  nozzle  D. 

1 1.  Kxj)eriments  were  next  conducted  which  showed  that  with  a 
pro])erly  designed  static  opening  the  constant  of  a  tube  is  prac- 
tically unity.  The  form  of  static  opening  as  used  by  Mr.  White  is 
similar  in  ])rin(:i])le  to  that  used  by  Darcy  and  Bazin.  An  ordinary 
J-inch  gas  j)i])e  about  fiv(?  inches  long  was  drawn  to  a  point  and  a 
T^-inch  hole  drilled  through  its  sides  about  four  inches  back  from 
its  |K>inted  end,  in  a  horizontal  y)lane.  Careful  calibrations  of  tubes 
having  this  form  of  static  attachment  showed  an  average  constant 
of  unity  well  within  the  error  of  observation.  Other  tubes  were 
exfKTimeiitfi]  with,  in  wliidi  ilici-c  was  a  suction  action  on  tho  static 
Hide;  this  lieing  ad<led  to  the  head  due  to  impact  made  the  head, 

as  read,  greater  than  the  head  due  to  velocity  or  ^  and  therefore 

gave  a  CfX?fficient  tp  less  than  unity  in  the  formula  v  =  qj  V2(/Jf. 


THE    PITOT    TUBE.  191 

12.  Mr.  White  sums  up  the  results  of  his  researches  as  follows: 

(1)  That  an  impact  tube,  whose  impinging  surface  is  one  of 
revolution,  converts  velocity  head  into  static  head  exactly  accord- 
ing to  the  law  v  =  ^J'igh  whatever  the  pressure  of  the  surround- 
ing fluid. 

(2)  That  only  pressure  openings  which  give  the  true  static  head 
of  water  should  be  used  in  connection  with  the  point  of  a  Pitot 
tube.  That  is  to  say,  that  only  tubes  w^hich  have  unity  as  their 
coefficient  should  be  used. 

(3)  That  Fitot  tubes  whose  constants  are  unity  in  open  canal 
ratings  will  remain  unity,  whatever  the  pressure  of  the  liquid. 

Mr.  White  had  very  few  experimental  data  to  support  conclu- 
sion (3). 

13.  A  voluminous  paper  *  of  great  merit  by  Messrs.  W^illiams, 
Hubbell  and  Fenkell  appeared  in  1902,  the  title  is  ''  Experiments 
at  Detroit,  Mich.,  on  the  Effect  of  Curvature  Upon  the  Flow  of 
Water  in  Pipes.''  This  paper,  together  with  its  discussion,  is  one 
of  the  most  valuable  contributions  to  the  subject  of  the  Pitot 
tube,  as  all  measurements  of  velocity  were  made  with  various 
forms  of  that  instrument.  A  large  portion  of  the  work  con- 
sisted in  the  rating  of  these  tubes  under  various  conditions ;  sev- 
eral different  forms  of  the  instrument  were  used.  Among  the 
authors'  summary  of  results  accomplished  are  the  following: 

A.  '^  The  invention  of  the  oil  differential  gauge,  by  which  it 
is  possible  to  observe  differences  of  head  in  closed  conduits  under 
pressure  with  as  great  a  degree  of  precision  as  is  attainable  in 
open  conduits  with  the  hook-gauge." 

B.  ''  The  invention  of  a  form  of  Pitot  tube  which  can  be  in- 
serted in  a  water  main  without  the  aid  of  special  devices,  other 
than  the  tools  possessed  by  every  water  department ;  by  the  aid  of 
which  a  competent  observer  may  obtain  gauging  with  as  great  ac- 
curacv  as  has  vet  been  attained  w^ith  anv  other  measuring  device, 
except  the  graduated  tank  and  weighing  scale." 

C.  "  The  determination  of  a  ratio  .84  between  the  mean  and 
maximum  velocities  of  water  flowing  in  closed  circular  conduits, 
under  normal  conditions,  at  ordinary  velocities;  whereby  observ^a- 
tions  taken  at  the  centre  under  such  conditions,  with  a  properly 
rated  Pitot  tube,  may  be  relied  upon  to  give  results  within  3  per 
cent,  of  correctness." 

*  •'  Transactions  American  Society  of  Civil  Engineers,"  Vol.  XLVII.,  April, 
1902. 
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D.  "  The  presentation  of  a  series  of  coefficients  for  application 
to  the  different  thuds  used  in  the  fluid  diiferential  gauges,  by 
which  the  obser^ations  so  taken  nuiy  be  conveniently  reduced  to 
eipiivalents  in  water." 

K.  *•  The  demonstration  of  the  fact  that  rating's  of  Pitot  tubes 
made  by  dragging  these  instruments  through  still  water  in  open 
troughs  do  not  conform,  within  au}^  reasonable  limits  to  those 
obtained  when  the  .instrument  is  stationary  in  moving  water  in 
a  closed  conduit." 

F.  "  The  demonstration  that  Pitot  tubes  must  have  their  co- 
efficients determined,  whether  they  consist  of  point  opening  alone 
or  bi)th  \M)\\\X  and  pressure  openings." 

G.  "  The  demonstration  that  under  some  conditions,  in  straight 
pipe  there  is  a  difference  of  pressure  at  different  points  around 
the  circumference  of  the  same  cross-section." 

IL  "  The  derivation  of  the  ellipse  as  the  approximate  form  of 
the  normal  curve  of  velocities  in  straight  circular  pipes." 

14.  As  was  to  be  expected  the  discussion  of  the  paper  brought 
forth  numy  valuable  contributions  on  both  theoretical  and  experi- 
mental sides.  Among  those  who  discussed  the  Pitot  tube  are  to 
be  found  the  names  of  many  of  the  highest  authorities  on  hy- 
draulics. The  paper  with  its  complete  discussion  must  be  read  to 
\ye  aj)preciated;  only  a  few^  points,  which  have  a  direct  bearing 
on  the  subject  in  hand,  will  be  mentioned. 

15.  In  the  final  discussion  of  this  paper  by  its  authors,  after 
carefully  weighing  the  contributions  and  criticisms  of  the  various 
men  who  discussed  it,  we  find  the  following : 

"  The  weir,  the  current  meter,  the  water  meter,  and  the  nozzle 
are  the  only  other  devices  to  be  compared  with  the  Pitot  tube, 
and  the  results  obtained  with  the  first  three  are  rarely  if  ever 
k-tter  than  those  presented  herein,  and  two  of  them  are  not 
<lirectly  apj)licable  to  the  flow  of  water  in  pipes.  The  nozzle  may 
perhaps  give  somewliat  better  results,  but  it  is  limited  to  compara- 
tively .small  streams.  Jt  seems  therefore  that  the  writer's  conclu- 
sion, that  the  Pitr^t  tube,  properly  rated  in  the  hands  of  a  skilled 
obsHTver,  is  as  accurate  as  any  other  devic^e  for  measuring  water  in 
a  cloM-d  conduit,  excei)t  the  scale  and  tank,  is  fairly  sustained." 

16.  ''  The  writers,  therefore,  believe  that  conclusion  E  is  sus- 
tained, and  tliat  an  instrument  shonid  ])e  rated  under  conditions  as 
nearly  as  may  be  similar  to  those  under  which  it  is  to  be  used,  and 
thnt  dragging  an  instrument  through  still  water  does  not  conform 
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with  this  condition  when  the  apparatus  is  to  be  used  to  measure 
running  water,  either  in  closed  or  open  channels.  In  the  light  of 
present  knowledge,  if  instrument  can  only  be  rated  by  dragging, 
the  writers  would  prefer  the  coefficients  established  by  dragging  in 
opposite  directions  in  running  water  to  those  obtained  by  dragging 
in  still  water." 

17.  ''In  yiew  of  the  data  presented  by  Mr.  White  and  of  the  ex- 
periments of  Messrs.  Saph  and  Schroder,  and  Adams  and  Wilson, 
wherein  instruments  of  certain  forms  were  used  with  ring  piez- 
ometers, as  well  as  the  experiments  of  the  writers  regarding 
obliquity  it  seems  to  be  demonstrated  satisfactorily  that  conclu- 
sion F  was  too  sweeping,  and  the  writers  agree  as  pointed  out 
by  Mr.  Ferris,  a  proper  form  of  point  opening  will  haye  a  coeffi- 

cient  of  unity  by  the  formula  h  =~Yg  when  combined  with  a  ring 

piezometer  under  normal  or  nearly  normal  flow." 

18.  Again  in  discussing  result  G  they  say,  under  head  of 
'^  Pressure  yariation,"  '^  Conclusion  G^,that  the  pressure  in  a  straight 
pipe  is  not  always  the  same  at  all  points  around  the  circumference 
of  the  cross-section,  is  based  first  upon  the  experimental  eyidence 
in  the  16-incli  pipe  inyestigation.  ^o  discussion  has  been  sub- 
mitted containing  direct  additional  eyidence  upon  this  particular 
point.  All  the  Pitot-tube  work  shows  that  the  components  of  yel- 
ocity  parallel  to  the  axis  of  the  pipe  yary  from  point  to  point 
throughout  the  cross-section,  and  that  changes  of  that  component 
of  yelocity  take  place  at  each  indiyidual  point  under  distorting  in- 
fluences. If  these  components  represent  or  are  proportional  to, 
the  total  yelocity  in  each  part  of  the  fluid,  it  follows  from  the  Law 
of  Conseryation  of  Energy,  -since  all  the  water  in  the  cross-section 
was  oMginally  started  in  its  course  under  the  influence  of  the  same 
head,  that  if  yelocity  head  be  increased,  pressure  must  be  de- 
creased, unless  the  eleyation  of  the  stream  aboye  datum  be  de- 
creased, whether  a  single  particle  or  the  whole  stream  be  con- 
sidered, and  therefore,  that  the  pressure  must  yary  throughout 
the  cross-section,  a  conclusion  which  is  confirmed  by  the  most 
obyious  interpretations  of  a  large  number  of  experiments.  The  ex- 
periments of  Messrs.  Adams  and  Wilson,  and  Saph  and  Schroder, 
as  well  as  some  of  those  of  the  writers,  proye  pretty  conclusiyely 
that  a  properly  formed  point  combined  with  a  ring  piezometer 
giyes  readings  the  summation  of  the  deducted  yelocities  of  which 
amount  to  the  true  discharge,  on  the  theory  used  by  the  writers 
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that  h  =  -^r~,    without  introihiciiic  niiv   coefficient,   as  has   been 
2g  ^        ' 

demonstrated  in  the  case  of  a  jet  and  in  open  channels  by  Mr. 
White.  This  bcMng-  true,  the  acceptance  of  varying  pressure 
throuirhout  the  cross-section,  which  })ressure  varies  inversely  as 
the  vehx'itv  k^ads  to  some  complications,   if  one  undertakes  to 

maintain  tliat  the  point  effect  is  — -.  Another  interesting  circum- 
stance is  the  reading  given  by  two  conical  points,  one  receiving 
the  impact  of  a  current  in  a  closed  pipe  and  the  other  directed 
down  stream.     Theoretically  it  might  be  expected  that  the  differ- 

ence  between  these  readings  ^vould  be  77—  and  this  alleged  fact 

2g 

is  the  basis  of  the  claim  for  a  patent  granted  for  such  device  some 
years  ago,  but,  experimentally,  or  practically,  nothing  of  the  kind 
ha})pens  with  his  ai)paratus." 

l\K  '*  Regarding  the  question  of  the  proper  formula  for  the  Pitot 
tube,  the  writers  are  not  yet  entirely  satisfied,  and  while  fully 
appreciating  ^Ir.  P>izzell's  effort  to  clear  the  matter  up,  they  yet 
prefer  to  leave  the  question  wdiere  they  left  it  before,  that,  prac- 
tically, it  makes  little  difference  in  the  reduction  of  results  whether 

a  tube  reading  actually  is  —  or  -.     The  discussion  presented  by 

Mr.  Seddon  gives  excellent  reason  to  believe  that  there  is  a  large 
account  of  internal  forces  to  be  balanced  before  the  laws  of  ilow 
will  be  fully  understood,  and  until  these  forces  have  been  more 
fully  investigated,  too  rigid  laws  had  best  not  be  laid  down.'' 

20.  In  the  discussion  of  this  paper  there  is  a  contribution  by 
Kdward  S.  Cole  in  which  he  describes  a  series  of  independent  ex- 
periments conducted  by  him.  A  device,  which  he  has  named  a 
Photo-Pitometer,  was  invented  by  him  and  used  to  obtain  a  con- 
tinuous record  of  the  readings  of  a  Pitot  tube,  extending  over  a 
period  of  time.  To  accomplish  this  result  clockwork,  lamp  and 
photographic  paper  were  used.  For  descriptions  isee  original 
paper.* 

21.  It  appeared  that  the  oil  differential  gauge  had  been  invented 
and  u.sed  by  independent  investigators  in  at  least  five  different 
localities  and  that  in  one  case  had  it  been  patented. 

22.  In  quoting  from  an  extensive  work  like  the  one  just  re- 


♦  Vol.  XL VII.  Traniactiom  American  Society  of  Civil  EDgineers,  April,  1902 
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ferred  to,  there  is  some  danger  of  conveying  a  wrong  impression 
by  merely  giving  those  parts  to  which  it  is  desired  to  direct  atten- 
tion. The  writer  wishes  to  discLaim  any  such  intention  and  to  state 
that  the  particular  parts  cpioted  liave  been  selected  because  they 
have  a  direct  bearing  on  the  theory  and  use  of  the  Pitot  tube 
and  are  along  the  lines  on  which  it  is  wished  to  discuss  some  fur- 
ther results  which  possibly  throw  additional  light  on  the  subject. 

23.  During  the  fall  and  winter  of  1902  the  writer  was  consult- 
ing engineer  in  a  series  of  tests  of  the  Hydraulic  Dredges  of  the 
Mississippi  River  Commission. 

24.  By  means  of  these  dredges  a  navigable  channel  is  main- 
tained in  the  river  during  low  water.  Large  centrifugal  pumps, 
driven  by  direct  connected  steam  engines  and  capable  of  maintain- 
ing a  mean  velocity  of  from  15  to  22  feet  per  second  in  the  dis- 
cliarge  pipes,  are  used  as  dredge  pumps. 

25.  The  series  of  tests,  which  extended  over  several  months,  in- 
cluded efficiency  tests  of  boilers,  engines  and  dredge  pumps  besides 
tests  of  accessory  machinery  such  as  "  jet  pumps  "  used  to  loosen 
the  material  to  be  removed  in  dredging.  Some  of  these  ^'  jet 
pumps  "  were  of  the  reciprocating  steam  pump  type  while  others 
were  centrifugal  i:)umps  driven  by  direct  connected  engines. 

26.  A  complete  report  in  detail  of  these  tests  can  be  found  in 
the  Report  of  the  Chief  of  Engineers  of  the  U.  S.  Army  for  1903. 
It  is  in  the  report  of  F.  B.  Maltby,  IT.  S.  Assistant  Engineer, 
Member  of  the  American  Society  of  Civil  Engineers,  Superin- 
tendent of  Dredging  Operations  for  the  Mississippi  River  Com- 
mission, and  forms  a  part  of  the  report  of  Captain  W.  B.  Ladue, 
Corps  of  Engineers  of  the  U.  S.  Army,  Secretary  of  the  Mississippi 
River  Commission. 

27.  The  general  method  of  these  tests  was  outlined  by  the 
writer  who  was  present  while  some  of  them  were  made.  The  de- 
tails w^ere  worked  out  and  the  tests  conducted  by  Mr.  Maltby,  who 
deserves  much  credit  for  a  work  of  great  magnitude  in  which 
success  was  attained  only  by  untiring  labor  and  careful  attention 
to  details. 

28.  The  results  are  all  of  great  interest,  however.  In  the  dis- 
cussion which  follows  reference  will  only  be  made  to  those  parts 
of  the  work  which  have  a  direct  bearing  on  the  subject  in  hand, 
viz. :  the  Pitot  tube. 

29.  The  problem  of  measuring  the  mean  velocity  of  the  water 
in  the  discharge  pipes  was  of  prime  importance  as  the  amount  of 
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water  pumped  ami  the  efficiencies  of  pumps  both  depended  on 
the  accuracy  of  measuring  this  velocity.  The  quantity  of  water 
in  some  cases  exceeded  120  cubic  feet  per  second.  The  diameter 
of  discharge  pipes  were  approximately  32  inches  in  some  cases 
and  34  inches  in  others.  Seven  dredges  were  tested;  the  method 
used  must  be  ap])licable  to  all.  Had  a  weir  been  used  it  would 
have  been  available  for  only  a  short  time,  owing  to  a  rapidly 
rising  river.  A  Venturi  Meter  would  have  introduced  a  resistance 
in  the  discharge  pipe,  and  rendered  the  conditions  quite  dissimilar 
to  those  of  ordinary  running,  which  were  desired  for  these  tests. 
The  velocity  to  be  measured  at  the  centre  of  the  pipe  was  in  some 
cases  as  great  as  25  feet  per  second.  The  loss  of  head  at  the 
throat  of  a  Venturi  Meter,  while  small  at  low  velocities,  would 
be  enormous  at  the  velocities  used  even  if  a  meter  considerably 
larger  than  the  size  of  pipe  were  used. 

30.  A  measuring  barge  into  which  the  water  could  be  deflected 
for  a  brief  interval  of  time,  and  measured,  had  been  used  in  test- 
ing those  dredges  in  1897.  A  complicated  mechanism  was  re- 
quired to  deflect  the  stream  of  water  and  the  short  interval  in 
which  the  discharge  was  measured,  together  with  the  uncertainty 
of  getting  the  time  exactly  were  the  objections  to  this  scheme. 

31.  All  these  methods,  besides  being  expensive,  are  diflicult  to 
apply,  partly  because  the  discharge  pipes  of  some  dredges  are 
half  submerged  in  the  river,  the  pontoons  being  so  designed — 
while  in  other  cases  the  pontoons  support  the  pipes  30  inches 
above  the  water. 

32.  The  Pitot  tube  method  was  recommended  and  used  and  it 
is  believed  that  the  results  obtained  are  as  accurate  as  could  be 
had  by  any  of  the  other  methods  suggested;  besides  ease  of  ap- 
plication, cheapness,  and  the  fact  that  the  pumps  could  be  tested 
under  conditions  exactly  similar  to  ordinary  running,  are  all  in 
favor  of  this  method.  The  tubes  used  were  designed  by  Mr. 
Maltby,  they  were  made  in  the  machine  shops  aboard  the  dredges 
as  were  the  gauges  which  were  used  in  connection  with  them. 
Nine  tulx-s  were  constructted,  but  all  except  Nos.  1,  3,  8  and  9 
were  discarded  because  of  apparent  defects. 

JJescription  of  Pitot  Tubes. 

33.  TnW  No.  1  consists  of  two  pieces  of  |-inch  brass  tubing,  en- 
closed in  a  pipci  lA  inches  outside  diameter.     One  of  the  small 
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brass  tubes  is  bent  at  the  end  below  the  end  of  the  outside  en- 
closing pipe,  through  90  degrees  and  the  plane  of  the  opening 
made  truly  parallel  with  the  upright  pipe  to  fonn  the  impact 
opening.  The  other  brass  tube  is  brazed  to  a  solid  brass  piece, 
circular  in  section  and  placed  at  right  angles  to  the  tube,  the 
upstream  end  has  a  sharp  point  which  is  even  with  the  opening 
of  the  impact  tube  and  below  it;  it  has  a  xV-inch  hole  drilled  on 
each  side  connecting  with  the  interior  of  the  upright  tube,  and 
forms  the  static  opening:  ordinary  -J-inch  air  cocks  form  the 
upper  side  of  these  tubes;  ^-inch  rubber  tubing  about  4  feet 
long  is  used  to  connect  these  air  cocks  to  the  gauges. 

34.  Lead  or  cement  is  used  to  hold  the  small  tubes  in  place  in 
the  outer  tube.  A  stuffing  box  was  used  through  which  the  outside 
tube  slides ;  it  is  screwed  into  a  hole  tapped  in  the  top  of  the  pipe 
with  a  1^-inch  standard  pipe  tap.  A  handle  at  the  top  of  the  tube 
carefully  set  at  right  angles  to  the  plane  of  the  impact  opening- 
was  used  to  move  the  tube  vertically  from  top  to  bottom  of  the 
pipe  in  traversing  and  enables  the  tube  to  be  kept  in  aligmnent 
with  the  axis  of  the  pipe. 

35.  Tube  Xo.  3  is  similar  to  'No.  1,  with  the  exception  that  the 
impact  point  is  below  the  static  point. 

36.  Tube  No.  8,  and  in  fact  all  the  different  tubes  have  the  same 
size  vertical  outside  pipe  to  permit  the  use  of  the  same  stuffing 
boxes.  At  its  lower  end  it  is  joined  at  right  angles  to  a  1-inch 
pipe  about  18  inches  long,  drawn  down  to  a  point  of  the  proper 
size  to  admit  a  ^-inch  brass  tube  which  is  brazed  fast  into  it  form- 
ing the  impact  opening.  The  small  tube  runs  inside  the  larger 
pipe  to  the  top,  where  it  terminates  in  a  ^-inch  air  cock.  The 
horizontal  pipe  has  three  xV-inch  holes  drilled  in  its  side,  form- 
ing the  static  openings;  the  interior  of  the  pipe  is  connected 
through  the  upright  and  one  handle  to  a  ^-incli  air  cock. 

37.  Tube  Xo.  9  was  made  as  nearly  like  No.  8  as  could  be  done 
by  a  skilled  mechanic. 

It  was  very  soon  apparent  that  the  tubes  Xos.  1  and  3  did 
not  have  a  constant  ^of  unity  in  the  formula  v  =  (p  V^gh. 

38.  It  was  believed  that  tubes  Xo.  8  and  9  would  give  a  value 
of  unity,  but  to  prove  this  point  was  another  matter.  It  has  been 
shown  conclusively  by  Mr.  White  that  an  impact  point  similar  to 
that  of  tubes  Xos.  8  and  9  would  register  the  level  correspond- 

ing  to  a  given  velocity  according  to  the  law  A  =  —  when  the 
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tulu'  was  (Iraizutnl  tlintui;h  still  water  in  an  open  canal.  Messrs. 
Williams,  lluhhi'll  and  Fenkell,  as  we  have  seen,  agree  that  a 
*•  point  eonihineil  with  a  riiiii'  ])iezonieter  o-ives  readings,  the  suni- 
niatit)n  of  the  deduced  velocities  of  which   amount  to  the  true 

discharire  "   on  the  theorv  used   bv  them   '^  that  A  =—  without 

introducing  a  coethcient.  if  then  it  can  be  shown  that  these 
tubes  wlien  calibrated  in  running  water  in  an  open  channel  give  a 
constant  (p  of  unitv  in  the  formula  v  =  qj^^lgh  and  also  shown 
that  the  static  readings  of  the  tubes  correspond  to  the  readings 
of  the  ring  piezometer,  it  would  seem  that  the  question  of  the 
value  of  the  constant  may  be  settled  in  this  way.  Furthermore 
it  has  been  claimed  that  the  constant  of  a  tube  rated  in  an  open 
channel  is  different  from  that  obtained  by  rating  in  a  closed  con- 
duit under  pressure.  If  this  is  true,  tubes  Nos.  8  and  9  being 
exactly  alike  and  having  the  same  constant  when  used  simultane- 
ously to  traverse  two  sections  of  a  discharge  pipe  at  different 
points  where  the  mean  velocity  of  the  water  is  necessarily  the 
same,  but  the  static  pressure  very  different  will  show  decided 
differences  in  their  traverse  and  in  the  consequent  mean  velocity. 
We  shall  see  what  was  obtained  by  the  experiments. 

39.  Tube  Xo.  9  was  rated  in  running  water  having  a  velocity  of 
alMJut  3 J  feet  per  second  by  comparing  it  with  floats;  about  80 
floats  were  run  and  GOO  observations  made. 

40.  The  tube  was  suspended  in  the  Mississippi  River  with  the 
I^jint  about  12  inches  below^  the  surface,  facing  the  current.  An 
inverted  I'-tube  of  glass  was  used,  the  air  being  partially  ex- 
liausted  from  the  top  to  bring  the  water  surfaces  to  a  convenient 
height  for  reading. 

41.  The  floats  were  24  inches  long;  the  time  was  observed  in 
passing  over  a  course  40  feet  long,  the  tube  being  placed  about 
one-third  the  distance  from  the  ui)per  end  of  the  course. 

42.  In  the  talde  which  foHows  the  velocity  by  floats  is  in  eacli 
case  the  mean  of  ten  oi)S(;rvatons,  and  that  given  for  the  Pitot 
till...  ;^  t),j.  jiir-ii)  of  a1)ont  75  o])servations : 

^**-  Velocity  of  P'loatB.  Velocity  by  Tube. 

\ 3..'}UJ  3.420 

2 :}.284  •5.279 

3 3.517  3.393 

\'                          3.419  3.358 

5 3.405  3  502 

5 3.212  3.228 

1 3.862             •  3.354 

^ 3.332  3.218 

Means..  3.356  3.344 
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The  means  show  a  coefficient  of  unity  within  about  one-third 
of  1  per  cent. 

43.  Tubes  8  and  9  were  placed  in  the  same  discharge  pipe  50 
feet  apart,  and  three  sets  of  observations  made;  the  tubes  were 
then  changed  about  and  three  sets  of  observations  taken  again, 
with  the  following  results.     Each  set  is  the  mean  of  ten  readings. 


Means 


Velocity  by  Tube  No.  8. 

Velocity  by  Tube  No.  9 

25.37 

24 

50 

24 

16 

25 

60 

25 

77 

25 

14 

Reversed  Positions. 

25 

.30 

25 

19 

25 

37 

24 

84 

25.55 

25 

02 

25 

263 

25.048 

The  means  agree  within  about  eight-tenths  of  1  per  cent. 
44.  To  test  the  accuracy  of  velocity  measurements  by  these  two 
tubes  and  determine  whether  or  not  they  were  affected  by  static 
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pressure,  tube  8  was  placed  in  the  discharge  pipe  of  the  second 
pontoon  of  the  U.  S.  Dredge  Epsilon,  where  the  average  static 
pressure  was  19.78  feet  of  water,  and  tube  ^o.  9  was  placed  in 
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the  ninth  pontoon,  350  foot  from  tube  No.  8,  and  where  the 
average  pressure  was  4.1-2  feet  of  water.  Traverses  were  made 
bv  taking  observations  simultaneously  at  different  points  across 
the  pipe.  The  mean  velocity  determined  by  tube  No.  8  from  lYO 
olvservations,  was  22.321  feet  per  second,  while  that  determined 
by  tube  Xo.  1>  was  22.351  feet  per  second,  a  difference  of  one- 
tenth  of  1  per  cent.  The  mean  velocity  w^as  obtained  from  the 
traverses  in  a  vertical  plane,  by  dividing  the  area  of  the  pipe  into 
teu  equal  areas  the  boundaries  of  these  areas  being  circles  con- 


Grtyory 


Fig.  52. 


centric  with  the  axis  of  the  pipe ;  the  average  of  the  velocities 
found  in  these  ten  areas  was  used  as  the  mean  velocity  for  the 
whole  cross-section. 

45.  A  plotting  of  the  traverse  referred  to  is  shown  in  Fig.  51. 

A  comparison  was  made  of  the  static  pressure  indicated  by  tube 
Xo.  0  with  that  obtained  by  means  of  piezometers  in  the  sides  of 
a  32-inch  pipe  in  the  following  manner : 

40.  Four  |-inch  cocks  were  placed  in  the  sides  of  the  pipe  as  in- 
dicated in  Fig.  52  at  the  points  of  a,  h,  d  and  e.  Great  care  was 
taken  to  have  the  axis  of  these  cocks  exactly  normal  to  the  axis 
of  the  i)iiK*;  their  ends  projected  inside  the  pipe  slightly,  and  after 
Ix-ing  screwed  into  place  these  ends  were  filed  off  carefully  to 
present  a  perfectly  smooth  surface,  flush  with  the  inside  of  the 
pi[K-.     When  each  of  the  piezometers  was  connected  in  turn  with 
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each  other  through  a  differential  gauge  no  difference  in  pressure 
could  be  observed.  Tube  Xo.  9  was  then  inserted  into  the  same 
vertical  section  as  the  piezometers,  the  point  of  the  tube  being 
at  the  centre  of  the  pipe.  The  static  side  being  connected  suc- 
cessively with  each  piezometer,  through  a  differential  gauge,  no 
differences  of  pressure  could  be  observed.  The  pressure  of  the 
four  piezometers  and  the  static  side  of  the  tube  was  exactly  the 
same. 

47.  In  Fig.  53  are  shown  four  traverses  of  the  discharge  pipe  of 
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the  U.  S.  Dredge  Epsilon ;  the  velocity  curves  and  the  static  press- 
ure are  given.  The  static  pressures  are  the  actual  pressures  at 
the  points  of  observation;  it  will  be  seen  that  they  are  greater 
at  the  bottom  than  at  the  top  of  the  pipe  by  the  amount  of  the 
static  pressure  due  to  a  head  equal  to  the  diameter  of  the  pipe. 
Irregularities  are  no  doubt  due,  in  part,  to  the  practical  impos- 
sibility of  keeping  steam  pressure  and  consequently  the  revolu- 
tions of  the  engines  and  pumps  absolutely  constant.  Each  point 
plotted  is  in  general  the  average  of  ten  readings,  considerable 
time  being  required  to  complete  a  traverse,  as  much  as  an  hour  in 
some  cases. 
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4>^.  riK\-o  readings  were  obtained  by  using  two  ordinary  U- 
jxauges  and  observing  impact  and  static  pressures  separately.  The 
work  required  by  this  method  is  much  greater  than  when  a  differ- 
ential gauge  is  used  and  the  difference  of  level  of  the  mercury  col- 
nmns  only  is  taken.  The  latter  gives  readings  from  which  velocity 
can  be  computed,  but  does  not  show  the  way  in  which  the  pressure 
is  distributed  across  the  pipe.  In  case  separate  static  and  impact 
readings  are  desired,  two  U-gauges  must  be  used,  and  while  one 
side  of  the  mercury  column  in  the  U-tube  is  open  to  the  atmos- 
phere, the  side  connected  to  the  tube  has  a  solid  column  of  water 
resting  on  it.  Great  care  has  to  be  exercised  to  expel  all  air,  and 
to  be  sure  that  the  water  column  is  solid  before  readings  are  taken. 
Knowing  all  the  dimensions  of  gauges,  and  consequently  the 
relative  height  of  the  mercury  columns,  with  reference  to  the 
point  being  investigated,  the  absolute  pressure  of  that  point  is 
easily  computed.  With  the  differential  gauge,  when  velocity  only 
is  wanted,  the  two  ends  of  a  U-tube  containing  mercury  are  con- 
nected to  the  inq:>act  and  static  openings  of  the  tube.  Care  must 
also  be  exercised  in  getting  solid  columns  of  water  on  both  sides 
in  this  case  before  reading ;  the  true  difference  of  pressure  in  this 
case,  is  that  due  to  the  differences  of  level  of  the  mercury,  dimin- 
ished by  a  pressure  due  to  an  equal  height  of  water. 

40.  After  the  ratio  of  velocity  at  the  centre  of  the  pipe,  to  mean 
velocity,  had  been  determined  by  repeated  traverses,  observations 
were  taken  at  the  center  only,  while  testing  the  main  pumps.  The 
value  of  this  contstant  varied  somewhat,  due  to  local  conditions 
at  the  points  where  traverses  were  made. 

50.  deferring  again  to  Fig.  53  a  semi-ellipse  has  been  drawn, 
using  dotted  lines;  it  will  be  seen  that  it  represents  a  fairly  good 
average  of  the  observed  velocities ;  this  is  more  apparent  when  a 
larger  number  of  traverses  are  plotted. 

51.  It  is  seen  from  these  results  that  the  static  pressure  does  not 
var\'  across  the  section  of  a  straight  pipe  in  which  there  are  great 
differences  of  velocity  parallel  to  the  axis  of  the  pipe,  except  as 
affected  ])y  gravity.  This  shows  conclusively  that  the  sum  of 
Btatic  and  velocity  heads  for  various  points  in  the  same  cross- 
section  of  a  straight  pipe,  is  not  a  constant  quantity  if  we  under- 
stand by  velocity  head,  that  due  to  the  velocity  parallel  to  the 
axis  of  the  pipe.  This  ought  not  to  destroy  our  belief  in  the 
I>aw  of  the  Conservation  of  Energy.  All  the  energy  possessed 
by  a  particle  of  water  at  any  point  of  the  cross-section  of  a  straight 
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pipe  is  either  energy  or  position,  pressure  or  motion.  Since  the 
pressure  energy  is  constant  across  a  given  section  and  the  energy 
of  nuition  parallel  to  the  axis  of  the  pipe  varies,  it  follows  that 
there  must  be  energy  of  motion  other  than  tliis.  Unfortunately 
we  have  no  way  of  measuring  the  velocity  of  the  whirl  of  the 
particles  of  water  at  various  points  in  the  cross-section.  If  this 
could  be  done,  undoubtedly  it  would  be  found  that  the  energy 
due  to  velocity  of  whirl  is  greatest  at  the  walls  and  least  at  the 
centre  of  the  pipe,  and  that  the  energy  possessed  by  a  particle  of 
tluid'at  one  i^oint  in  the  cross-section  is  equal  to  that  possessed  by 
any  other  j^article  in  the  same  section. 

52.  It  is  impossible  to  convert  this  energy  due  to  velocity  of 
whirl  into  useful  work ;  of  course  it  is  finally  converted  into  heat. 

Tube  Xos.  1  and  3  were  used  in  important  tests;  they  were 
rated  by  comparing  with  tube  'No,  8  by  placing  them  in  the  same 
discharge  pipe  50  feet  apart;  three  sets  of  observations  of  ten 
each  were  taken,  then  the  positions  of  the  tubes  reversed  and  three 
more  sets  taken.  The  coefficients  of  tube  No.  1  was  found  to  be 
.UoO  and  of  tube  Xo.  3  .8915.  These  values  were  used  in  reduc- 
ing observations  taken  by  these  tubes. 

53.  The  cut  shows  the  discarded  tubes. 

Tube  Xo.  2  had  an  impact  opening  similar  to  tubes  1  and  3. 
The  static  opening  was  a  vertical  brass  tube,  with  lower  end  cut 
oif  scpiarely,  the  axis  of  the  tube  being  at  right  angles  to  the 
current  measured.  This  tube  gave  the  greatest  amount  of  suction 
at  the  static  opening,  found  in  any  of  the  tubes.  The  suction 
was  so  great  that  when  the  impact  side  was  made  to  face  down 
stream  the  reading  of  the  impact  side  was  still  greater  than  that 
of  the  static  side. 

Tnbe  Xo.  4  was  tube  Xo.  2  with  the  lower  end  of  the  static 
tul>e  j)lugged  up  and  with  openings  on  the  side. 

Tulie  Xo.  5  had  impact  and  pressure  points  similar,  but  point- 
ing in  opposite  directions. 

Tube  Xo.  0  was  very  siiiiihir  to  tube  Xo.  1,  except  that  large 
tiiU's  were  used,  the  impact  being  filled  with  a  plug  having  a  hole 
J-inch  in  diameter. 

54.  No  rating  was  made  to  determine  the  coefficient  of  these 
tul>f?8,  except  Xo.  0,  as  a  search  was  being  mad(!  for  a  tube  having 
a  cfK-fficient  of  unity,  and  it  was  soon  evident  that  this  was  not  the 
ca.se  with  any  tnlx  s,  except  Xos.  8  and  0. 

T>'    Tl.r-  uiic  of  the  Pitot  tube  is  by  no  means  confined  to  meas- 


THE   PITOT   TUBE. 


205 


nring  the  velocity  of  water  and  liquids,  but  has  been  used  to  meas- 
ure the  velocity  of  air  and  gases.  Professor  Carpenter  in  his  work 
entitled  '^  Heating  and  Ventilating  Buildings/'  page  41,  describes 
a  tube  to  be  used  to  measure  the  velocity  of  air.  In  the  same 
volume,  page  45,  reference  is  made  to  the  Prussian  Mining  Com- 
mission which,  in  1884,  by  means  of  a  large  gasholder  which  con- 
tained 70,000  cubic  feet,  investigated  several  questions  relating 
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Fig.  55. 


to  the  measurements  of  the  velocity  of  air.  To  the  question : 
"  Can  the  Pitot  tube  be  applied  practically  for  measuring  the 
speeds  of  air,  and,  if  so,  what  formula  should  be  used  for  calcu- 
lating the  speed  and  quantity  of  air  ?  "  and  affirmative  answer  is 
given  and  a  formula  to  be  used.     ^ 

56.  The  instrument  has  also  been  used  to  measure  velocities  of 
air  in  a  series  of  tests  of  the  greatest  refinement  conducted  by 
Capt.  D.3V.  Taylor,  U.  S.  i^.,  at  the  Experimental  Model  Basin, 
Washington  T^avy  Yard.  Captain  Taylor  used  several  tubes  in 
the  same  cross-section  so  arranged  that  the  mean  velocity  was  the 
arithmetical  mean  of  the  several  velocities  given  by  the  tubes. 

57,  Pitot  tubes  were  adopted  for  these  tests  after  extensive  ex- 
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periments  with  anometers.  Static  and  impact  pressures  were  ob- 
tained separately  by  means  of  instruments  of  great  precision. 
The  form  of  tube  used  is  shown  in  Fig.  56  which  gives  a  section 
through  the  centre  of  the  tube.  The  static  openings  consist  of 
two  slots  on  opposite  sides  of  the  tube ;  one  of  these  is  shown  in 
the  cut.  It  was  assumed  that  the  constant  cp,  for  this  tube,  is  unity 
in  the  formula  v  =  (p^2gh. 

58.  An  account  of  this  work  will  be  published  in  the  near 
future  by  Captain  Taylor. 

59.  The  three  final  conclusions  of  Mr.  White,  in  the  discussion 
of  his  paper  were  : 

(1)  "  That  an  impact  tube,  whose  impinging  surface  is  one  of 
revolution,  converts  velocity  head  into  static  head  exactly  accord- 
ing to  the  law  v  =  \/2ghj  whatever  the  pressure  of  the  surround- 
ing fluid.'' 

(2)  "  That  only  pressure  openings  which  give  the  true  static 
head  of  w^ater  should  be  used  in  connection  with  the  point  of  a 
Pitot  tube.  That  is  to  say,  that  only  tubes  which  have  unity  as 
their  coefficient  should  be  used." 

(3)  "  That  Pitot  tubes  whose  constants  are  unity  in  open  canal 
ratings  will  remain  unity,  whatever  the  pressure  of  the  liquid.'' 

60.  Experimental  data  confirming  the  first  have  been  given. 
The  second  is  obvious  on  the  basis  of  economy  and  general 

desirability. 

The  third  has  been  confirmed  by  the  experiments  with  tubes 
Nos.  8  and  9. 

61.  Finally,  the  writer  believes  that  the  Pitot  tube  is  an  instru- 
ment by  means  of  which  fluid  measurements,  whether  of  liquids  or 
gases,  may  be  made  with  as  great  accuracy  as  wdth  any  of  the 
ordinary  devices  used.  It  is  inexpensive  and  easy  of  application 
— is  capable  of  being  used  for  both  high  and  low  velocities,  and 
may  be  used  to  measure  velocity  of  flow  in  pipes  A\dthout  mate- 
rially changing  the  normal  condition  of  flow;  furthermore,  it  is 
especially  suited  to  many  cases  where  other  devices  would  be  im- 
possible of  application.  If  properly  constructed  it  requires  no 
rating. 

62.  These  facts  should  make  the  Pitot  tube  a  popular  instru- 
ment with  engineers  who  have  tests  to  conduct  of  pumps,  turbines 
and  blowers.  To  those  interested  in  the  complicated  problems  of 
hydraulics  this  instrument  offers  advantages  not  possessed  by  any 
other  device. 
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The  Pitot  Tube  velocity  instrument  is  one  so  exact,  so  simple, 
so  inexpensive,  and  yet  so  easy  of  application,  that  too  much  can- 
not be  said  in  its  favor.  Mr.  Gregory's  paper  as  well  as  several 
others,  in  which  the  Pitot  Tube  plays  an  important  part,  indicate 
that  the  excellent  (pialities  of  that  instrument  are  at  last  being 
generally  recognized.  It  is  probably  the  most  nearly  perfect 
instrument  yet  discovered  for  the  measurement  of  velocities  of 
tin  ids  and  it  is  equally  applicable  to  both  gases  and  liquids.  It 
a]>plies  to  liquids  in  open  channels,  or  to  all  fluids  from  orifices 
or  through  conduits,  at  low  or  high  pressures,  and  gives  results 
with  remarkable  precision.  Thus  there  is  no  necessity  for  tedi- 
ous calibration  or  for  the  use  of  complicated  coefficients.  Its 
simple  construction  admits  of  its  being  made  of  glass  tubing  and 
rubber  hose. 

Being  thrown  by  these  reflections  into  a  reminiscent  mood,  the 
writer  recalls  that  in  1873  he  conducted  a  series  of  experiments 
with  the  Pitot  Tube  instrument  to  measure  the  velocity  of  flow 
of  air  issuing  from  an  orifice,  and  to  determine  the  dimensions 
of  the  jet.  These  tests  may  be  of  some  interest  because  they 
are  believed  to  have  been  the  first  applications  of  the  instrument 
in  question  to  the  flow  of  gases.  (See  Van  Nostrand's  "  Engin- 
eering Magazine,"  1886,  page  91.)  The  instrument  used  at  that 
time  was  made  from  glass  drawn  down  to  a  fine  tube  end  for  the 
Pitot  tij),  and  so  arranged  that  it  could  be  moved  from  side  to 
ride  or  lengthwise  of  the  jet.  Thus  the  precise  form  of  the  lon- 
gitudinal or  cross  section  of  the  jet,  and  its  velocity  at  any 
point,  were  studied.  (See  Van  Nostrand's  Magazine,  as  above.) 
It  was  shown  at  that  time  that  if  the  tip  of  the  instrument  was 
placed  through  the  orifice  to  the  inside  of  the  tank  and  then 
withdrawn  along  the  middle  of  the  jet  that  the  pressure  shown 
by  the  instrument  was  always  the  same  till  the  vena  contrada 
was  passed;  thus  illustrating  the  fact  that,  as  the  internal  pres- 
sure of  a  particle  of  fluid  at  the  tip  diminishes,  the  stored  energy 
increases,  and  that,  as  the  potential  energy  due  to  pressure  falls, 
the  actual  energy-  due  to  motion  rises,  the  sum  being  constant. 
These  exi)eriments  also  showed  that  the  l^itot  Tube  "  will  exactly 
indicate  the  j)ressure  or  head  due  to  velocity  when  the  statical 
jiressure  is  eliminated  as  is  done  in  the  double  tip."     (See  illus- 
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trated  test   and  proof  in   Van  ^N'ostrand's   "  Engineering  Mag- 
azine "  for  1886,  page  94,  figure  5.) 

Although  the  writer  made  occasional  use  of  the  Pitot  Tube 
instrument  at  other  times  both  in  the  flow  of  gases  from  gas 
wells  and  water  (as  in  1877,  the  flow  of  the  Sangamon  River 
described  in  "  Van  ^ostrand's  Magazine,"  of  1878,  page  258, 
and  in  1893,  the  Flow  of  Water  from  the  Castalia  Springs  in 
Ohio),  jet  his  most  important  experiments  were  made  in  1885, 
when  he  was  called  upon  by  the  State  Geologist  of  Ohio  to 
devise  a  system  for  measuring  the  flow  of  gas  w^ells,  then  being 
drilled  in  considerable  numbers  in  that  State.  (See  Van  Kos- 
trand's  ''  Engineering  Magazine/'  Volume  35,  page  89,  and  also 
"  Geological  Survey  of  Ohio,"  Vol.  6  for  1888,  page  548.)  In 
working  on  this  matter  a  careful  series  of  tests  was  made  in  the 
laboratories  of  the  Ohio'  State  University,  with  which  institution 
he  was  then  connected.  In  these  tests  both  single  and  double 
tips  were  used  in  connection  with  a  receiver  from  which  air  issued 
from  different-sized  openings.  As  in  the  air-tests  of  1873,  the 
pressures  were  studied  with  tips  within  the  receiver  and  at  a  dis- 
tance of  from  one  to  two  diameters  outside  of  the  orifices,  as 
well  as  at  intermediate  points.  It  was  then  concluded  that  the 
Pitot  Tube  Instrument  is  a  thoroughly  reliable  one  for  deter- 
mining the  jDressure  or  dynamic  head  to  which  the  velocity  is 
due,  and  that  the  original  notions  of  Pitot  were  correct,  including 
that  of  the  value  of  the  coefficient  of  correction  being  unity,  a 
point  that  all  investigators  have  accepted  as  true,  certainly  after 
making  a  few  experiments.  Indeed  it  is  wonderful  how  the 
simplest  Pitot  Tube  Instrument  will  produce  perfectly  accurate 
results.  This  simplest  of  instruments  is  easily  made  with  care, 
the  essentials  being  all  confined  to  the  very  tip  ends.  That  is :  a 
good  Pitot  tip  is  preferably  of  cylindric  form  for  some  distance 
back  from  the  tip  end,  and  preferably  reamed  out  to  a  sharp 
edge  all  around,  the  latter  being  square  wfith  the  cylindric  body 
of  the  tip  end.  It  is  best  a  body  of  revolution,  six  to  ten  times 
as  long  as  its  diameter.  Applied  to  a  long  pipe  with  a  running 
fluid  within,  a  second  tip  is  preferably  introduced,  which  tip 
may  be  formed  like  the  other  except  to  plug  up  the  forward  end 
hemispherically  and  cut  a  hole  directly  through  square,  and  at 
about  half  the  length.  Otherwise,  though  the  tAvo  tips  as  above 
are  the  most  reliable,  a  double  tip  may  be  employed  as  shown 
in  a  cut  in  the  report  of  the  Geological  Survey  of  Ohio  for  1890, 
page  281. 
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Another  intensiiiio-  jntint  brought  out  in  these  experiments  is 
that  rehUing  to  the  temperatures  of  gases.  From  theoretical 
grounds  it  might  be  expected  thnt  in  the  impact  of  gases  against 
the  open  end  of  a  tube  the  temperature  and  density  would  be 
restored  to  that  of  the  receiver  as  well  as  the  pressure.  For 
investigating  tliis  matter  an  '^  encased  thermometer  "  was  used. 
(See  cut  in  Van  Xostrand's  ^'Engineering  Magazine/'  Vol.  35, 
jnige  100.)  This  thermometer  when  properly  exposed  to  the  jet 
would  retain  a  constant  temperature  equal  for  frictionless  ori- 
fices to  that  of  the  receiver,  while  a  naked  thermometer  similarly 
exjK)sed  wouM  drop  from  twenty  to  twenty-five  degrees,  partly 
due  to  expansion  and  partly  due  to  the  impact  against  the  ther- 
mometer. 

So  finally  it  was  concluded  that  "  when  a  fluid  flows  from  a 
higher  to  a  lower  pressure  through  a  frictionless  orifice,  the  por- 
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tion  caught  in  a  cup  mouth  will  be  restored  to  its  original  con- 
dition as  to  pressure,  temperature  and  density."  This  truth 
follows  from  the  fact  that  in  gases  p.v.t.  =  a  constant. 

Having  decided  to  adoi^t  the  Pitot  Tube  Instrument  for  the 
measurement  of  gas  wells,  the  writer  designed  and  patented  in 
1892  the  two  instruments  shown  in  the  accompanying  cuts  taken 
from  the  pamphlet  sent  out  with  the  instrument  (one  for  per- 
manent installation,  and  one  for  changing  from  place  to  place, 
as  in  expert  work),  and  brought  out  formulas  and  tables  for  their 
use  in  open  wells  or  in  pipe  lines  under  great  ranges  of  pres- 
sures. These  instruments  and  tables  have  since  come  into  very 
general  use  and  the  results  from  them  are  very  confidently 
accepted.  That  this  confidence  is  not  misplaced  may  be  seen 
from  the  following  table  of  Pitot  Meter  results,  which  when  com- 
pared with  other  meter  results  show  very  close  agreements. 

Table  of  Results  of  Natural  Gas  Pitot  Tube  Meter   Measurements 
Compared  with  Various  Simultaneous  Other  Meter  Measurements. 


Diameter  of 
Pipe  Line, 
in  inches. 


10 

10 

10 

10 

10 

10 

10 

101 

10 


Gage  Pressure  in  Pipe  Line. 


13.6  ouuces. 
10.4       "      . 

9.2       "      . 

9.2      "      . 

7  pounds . . 

7       "       .. 

7 
19.2  ounces 
19.2       "      . 

19.2  " 
8.8      "      . 
7.0      "      . 

13.3  "      . 


Means. 


11.5  pounds 

12.2 

13.3 

24.0 

20.5 

23.0       " 

16.2       " 

21.0 

37.0 


Cubic  Feet  per  IIorR. 


By  Pitot  Tube. 

By  Gas  Meter. 

12,005 

11,970 

4,025 

4,430 

15,843 

14,983 

15,336 

14,933 

29,702 

28,900 

34,590 

33,000 

29,460 

32,032 

20,611 

20,930 

19,175 

19,063 

17,733 

17,990 

3,924 

4,307 

13,325 

12,720 

12,797 

12,310 

17,578 

17,500 

159,100 

142,550 

150,000 

140,200 

163,700 

162,950 

244,000 

247,000 

200,700 

197,800 

167,800 

169,900 

188,000 

165,900 

1,517,350 

1,516,320 

1,123,000 

1,102,000 

10  measured  on  10"  line 12,841,281 

8  branch  from  above 7,898,921 

6  2d  branch 4,962,813 

Sum  of  two  branches 12,861,734 
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COXSTRVCTIOX  A.VD    EFFICIENCY    OF   A    FLEMING 
FOUR-VALVE  ENGINE  DIRECTLY  CONNECTED  TO 

400   KW.    GENERATOR. 

I 

BY  BENJAMIN   T.   ALLEN,   HARRISBURG,  PA. 

(Member  of  the  Society.) 

1.  The  purpose  of  this  paper  is  to  describe  the  general  construc- 
tion of  a  new  type  of  four-valve  stationary  engine,  and  the  results 
obtained  from  it.  The  efficiency  of  this  type  seems  to  exceed  that 
obtained  from  much  more  elaborate  constructions. 

The  machine  was  designed  to  effect  not  only  the  highest  effi- 
ciency, so  far  produced,  but  also  to  attain  this  result  under  wide 
variations  of  load,  which  latter  condition  is  usual  in  the  majority 
of  cases. 

Before  considering  in  detail  the  performance  of  the  medium 
speed  com])ound  four-valve  engine,  which  is  the  subject  of  this 
paper,  it  will  not  be  out  of  place  to  give  a  brief  explanation  of 
the  motives  leading  to  its  final  development,  and  the  methods  used 
in  its  construction. 

2.  The  object  in  view  in  the  production  of  this  engine,  was  the 
condjination  of  the  advantages  of  the  most  economical  slow  speed 
Corliss  engines,  with  the  very  desirable  features  of  compactness, 
better  rotative  speed,  closer  regulation  and  the  more  efficient 
methods  of  lubrication,  possessed  by  the  high-speed  automatic 
engine. 

o.  In  order  to  realize  the  economy  of  steam  consumption  of  the 
iK'.st  Corliss  engine  ])ractice,  the  sharp  cut-off  and  more  pcrf(ict 
steam  distribution,  attained  by  the  use  of  vacuum  dash  pots  and 
other  accelerating  devices  common  to  Corliss  engines,  was  at  first 
con.sidered  absolutely  essential  and  in  the  earlier  stages  of  the 
development  the  best  forms  of  these  devices  obtainable  were  used. 

4.   It  was  found  that  with  an  improved  form  of  detachable  cut- 


•  Prencnted  at  the  Newr  York  meeting  (December,  1903)  of  the  American  So- 
ciety  of  Mechanical  Engineers,  and  forming  part  of  Volume  XXV.  of  the  Trans- 
actions. 
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SPECIMEN  CARDS. 

TEST  AT  ABOUT  4- LOAD. 

FROM  H.P.  CYLINDER. 

Crank  End 

80  Spring.  M.E.P.  15.6 


Head  End 

80  Spring.  M.E.P.  10.6 


FROM  LP.  CYLINDER. 

Crank  End 

20  Spring.  M.E.P.  1.6 


Head  End 

20  Spring.  M.E.P.  1.75 


Allen,  B.T. 


A  m. Uunk  Xute  Co.,N.  T. 


Fig.  59. 
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SPECIMEN  CARDS. 
TEST  AT  ABOUT  -§-  LOAD. 

FROM  H.P.  CYLINDER. 

Crank  End 

80  Spring.  M.E.P.  50.8 


FROM 

LP 

.  CYLINDER. 

r-~-<.^^                     Crank 

End 

^"^^                20  Spr 

ING. 

M.E.P. 

5.7 

V 

Head  End 

20  Spring.  M.E.P.  5.9 


AlUn,M.T. 


Am. Bank  Nute  Co.,N.  Y. 


Fig.  CO. 
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SPECIMEN  CARDS. 
TEST  AT  ABOUT  w  LOAD. 

FROM  H.P.  CYLINDER. 

Head  End 

80  Spring.  M.E.P.  53.8 


Crank  End 

80  Spring.  M.E.P.  43.8 


FROM  LP.  CYLINDER. 


Crank  End 

20  Spring.  M.E.P.  6.5 


AlUn.B.T. 


.tiu.I'tniK  .Vote  Co.,y  y. 


Fig.  61. 
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off,  such  engines  could  be  made  to  operate  fairly  satisfactory  at 
speeds  considerably  in  excess  of  that  generally  used  on  the  Corliss 
engine;  but  yet  the  resultant  speed  was  not  as  great  as  was  desired 
for  some  purposes,  especially  electrical,  and  the  design  of  the  valve 
gearing  still  possessed  many  disadvantageous  features. 

5.  After  exhaustive  investigations  it  was  finally  found  by  sub- 
stituting for  the  detachable  form  of  cut-off,  a  peculiar  arrange- 
ment of  bell  cranks  and  levers,  that  a  satisfactory  amount  of 
acceleration  could  be  given  to  the  valves  at  the  points  of  admission 
and  cut-off,  and  this  by  angular  motion  only,  and  unencumbered 
by  elaborate  cut-off  devices. 

6.  This  accelerated  motion,  combined  vdth  the  advantage  ob- 
tained by  making  the  steam  valves  triple  ported,  produced  a  more 
satisfactory  operation  at  higher  speeds  than  was  possible  with  the 
other  devices,  besides  being  absolutely  noiseless  in  operation  and 
requiring  less  care  and  attention  for  maintenance. 

7.  This  form  of  valve  gearing  being  positive  in  action  and  de- 
pendent upon  a  variation  of  the  travel  for  the  different  grades  of 
expansion,  made  the  use  of  the  shaft  governor  possible,  with  all 
it5  accruing  advantages  of  speeds  and  regulation. 

8.  To  secure  successful  and  continuous  service  for  long  periods 
of  operation  the  use  of  hardened  valve  gear  pins  and  phosphor 
bronze  boxes  of  ample  proportion  was  essential,  as  well  as  the  best 
material  and  workmanship  obtainable. 

9.  It  was  also  important,  in  order  to  insure  thorough  lubrication 
over  the  long  periods  of  operation  as  mentioned  above,  that  the 
oiling  be  accomplished  by  automatic  means,  which  is  the  case 
in  this  engine,  all  the  bearings  being  thoroughly  and  efficiently 
lubricated  by  a  system  of  self -lubrication  Avhich  requires  no  atten- 
tion on  the  part  of  the  operator,  other  than  replenishing  the  oil 
at  long  intervals. 

10.  The  result  of  combining  the  features  above  mentioned  has 
been  the  production  of  an  engine  possessing  many  important  ad- 
vantages as  the  following  record  of  the  performance  of  a  medium 
speed  four-valve  engine  of  this  type  will  show. 

This  is,  I  consider  of  unusual  interest  on  account  of  the  many 
unique  features  of  the  design,  the  somewhat  unusual  proportion 
of  the  cylinders  and  the  exceptional  results  obtained. 

11.  The  engine  was  built  by  the  Harrisburg  Foundry  &  Machine 
Works,  and  is  of  the  tandem  compound  style,  directly  connected 
to  an  olcctric  froncrator  for  the  purpose  of  furnishing  power  for  the 
operation  of  paper  mill  machinery  combined  with  electric  lighting. 
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SPECIMEN  CARDS. 
TEST  AT  FULL  LOAD* 

FROM  H.P.  CYLINDER. 

Crank  End 

80  Spring.    M.E.P.  70 


Head  End 

80  Spring.    M.E.P.  69.8 


FROM  LP.  CYLINDER 


AlUn,  S.T. 


Am. Bank  Note  Co.,N.Y. 


Fig.  62. 
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SPECIMEN  CARDS. 
TEST  AT  ABOUT  Ito  LOAD. 

FROM  H.P.  CYLINDER. 


Crank  End 

80  Spring.    M.E.P.  77.4 


Head  End 

80  Spring.    M.E.P.  73.4 


FROM  L.P.  CYLINDER 


dlUm,  BT. 


Am. Bunk  Note  Co.,N.  V. 


Fig.  63. 
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Its  nominal  capacity  is  500  horse-power  at  a  speed  of  150 
revolutions  per  minute,  150  pounds  pressure  at  the  throttle  and  26 
inches  vacuum.  The  cylinders  are  so  proportioned  as  to  give 
the  high  ratio  of  1  to  7.33  following  the  style  advocated  by  Mr. 
Geo.  I.  Rockwood,  the  general  dimensions  being  given  in  table 
number  one. 

12.  'No  steam  jackets  are  used,  but  a  vertical  tubular  reheating 
receiver  is  placed  in  the  steam  passage  between  the  two  cylinders, 
steam  being  admitted  to  the  high  pressure  cylinder  through  triple 
ported  valves  of  the  Corliss  type  working  in  chilled  iron  bushings, 
the  governing  being  accomplished  by  a  centrally  balanced  inertia 
shaft  or  wheel  governor.  This  governor  is  so  constructed  that  it 
is  practically  balanced  in  all  positions,  being  made  with  two  inertia 
arms,  the  centers  of  gravity  of  v/hich  move  in  harmony  mth  each 
other  about  the  center  of  rotation,  the  balancing  feature  avoiding 
surging  or  violent  action  under  all  conditions  of  operation.     This 
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Fig.  64. 


operates,  by  means  of  bell  cranks,  the  steam  admission  valves 
of  the  high  pressure  cylinder  only,  and  is  so  arranged  as  to  de- 
crease the  lead  at  the  earliest  point  of  cut-off.  The  steam  valves 
of  the  low  pressure  cylinder  are  controlled  by  a  fixed  eccentric, 
so  arranged  that  the  cut-off  in  that  cylinder  can  only  be  varied 
when  the  engine  is  not  running,  and  remains  constant,  under  all 
conditions  of  load  and  pressure. 

13.  The  exhaust  valves  of  both  cylinders  are  of  the  Corliss  type 
operated  by  a  single  eccentric  through  the  medimn  of  a  peculiar 
arrangement  of  rocker  arms  and  bell  cranks. 

14.  In  making  the  tests  the  water  of  condensation  from  the  ex- 
haust was  weighed  at  the  discharge  of  the  condenser,  which  was  of 
the  surface  t}^e.  The  steam  used  by  the  reheater  was  discharged 
from  a  trap  and  condensed  in  a  coil  and  weighed,  the  quantities 
being  included  in  the  results  given  in  the  tables. 
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15.  Tlic  steain  was  taken  from  the  horizontal  water  tube  boilers 
and  contained  from  A  to  li  per  cent,  of  moisture. 

The  testi  were  made  with  about  160  pounds  pressure  at  the 
throttle,  with  the  exceptions  of  two,  one  of  about  f  load  with 
a  pressure  of  about  130  pounds,  and  the  other  at  a  time  when  but 
a  small  portion  of  the  mill  was  in  operation.  The  load  under  the 
latter  conditions  being  only  about  i  the  rated  capacity  of  the  en- 
gine, a  pressure  of  about  90  pounds  was  being  carried  at  this  time. 

16.  The  trials  were  of  rather  short  duration,  but  every  precau- 
tion was  taken  to  insure  accuracy.  The  indicators,  which  were 
four  in  number,  were  attached  mth  short  pipes,  one  to  each  end  of 
each  cylinder,  and  operated  by  a  positive  pantograph  motion  with 
a  light  rod  and  short  cord  connections,  the  diagrams  being  taken 
at  very  close  intervals. 

17.  The  speeds  given  are  the  average  revolutions  per  minute  ob- 
tained from  the  total,  registered  by  a  recording  speed  counter. 

TABLE  I. 

General  Dimensions  of  Engine. 

Hierli  pressure  cylinder,  diameter 15  inches. 

Low     "         "        "    m  " 

Stroke 27 

Diameter  piston  rod,  H.-P 2i| 

..            ..         ..     T    p  j  Crank  end 4J 

^•■^-  (Head      *'   2,4 

Ratio  of  areas  of  cylinders 1  to  7.33 

Clearance  H.-P.  cylinder 3.95^ 

•<          I,,  p.    '    "       4.67^ 

Constant  for  1  lb.  M.  E.  P.  and  one  revolution  H.-P.  cylinder.  .0237 

i(        ««<i            <<          (<      t(            it        LP          "  .174 

18.  Table  XL  is  a  condensed  report  of  the  general  results  ob- 
tained uiidor  the  varying  conditions  of  load  and  pressure,  as  fol- 
lows : — 

TABLE  n. 


e 
%t 

a 

00      • 

.2  s 

it 

Gause  pres- 
sure pounds 
at  throttle. 

Horse  power. 

High  pressure 

cylinder. 

Horse  power. 

Low  pressure 

cylinder. 

&  . 

o 
W 

Steam  used 
per  I.  H.  P. 
per  hour  in- 
cluding quan- 
tity used  in 
Reheater. 

Test  at  aboat  ^ 

Umd 

T«rt  at  aljoat  4 
load 

2 
3 

• 

155.18 
151.25 

89.72 
129.9 
149.4 
152.0 
153.0 

26.5 
26.0 
26.0 
25  9 
2.5.5 

44.34 
167.73 
176.19 
249.96 
267.24 

42.73 
153.81 
172.09 
251.59 
286.25 

87.07 
321.54 
348.28 
501.55 
553.49 

14.42 
13.59 

Tent  at  about  I'o 
krtul 

2     152.33 

12.33 

Te«t     at     alK)ut 
full  rated  load 

Te«latalx)ut  1  ,^ 
IcMid 

:   5 

2 

150.00 

148.89 

1 

12.66 
12.73 
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FRICTION  CARDS. 
FROM  H.P.  CYLINDER. 


Crank  End 

80  Spring.  M.E.P.  8.6 


Head  End 

80  Spring.  M.E.P.  0. 


FROM  LP.  CYLINDER. 


Crank  End 

20  Spring.    M.E.P.  0.5 


Head  End 
20  Spring. 


M.E.P.  1.1 


Friction  cards  taken  with  brushes  on  commutator  and  fields  excited. 
Total  horse-power  37.67  or  about  7.5;^  of  rated  load  of  50o  h.p. 
Combined  efficiency  of  unit  about  86.4  at  full  load. 


Allen,  B.T. 


Am.BankNoteC».,X.r. 


Fio.  67. 
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OVERLOAD  CARDS, 


FROM  H.P.  CYLINDER. 

Crank  End 

80  Spring.    M.E.P.  82.0 


Head  End 
80  Spring. 


M.E.P.  87.4 


FROM  LP.  CYLINDER 


Aa0m,B.r 


Average  horse-power  h.p.  cylinder   295.09 

"         L.P.  f  330.42 

Total  horse-power  625.51 


Am.Bank  Note  Co  ,N.  T. 


Fig.  68. 
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19.  Figs.  59,  60,  61,  62  and  63  are  the  indicator  diagrams  taken 
throughout  the  tests,  the  cards  in  every  case  being  those  repre- 
senting the  average  load  for  the  complete  run.  Fig.  No.  64  is  the 
diagram  of  efficiency  or  steam  consumption  curve. 

Fig.  Xo.  65  is  of  the  diagrams  from  ft  load  combined,  the  cards 
being  from  the  crank  end  of  the  cylinders. 

Fig.  No.  66  is  the  combination  of  the  diagrams  from  the 
full  load  test,  the  cards  being  taken  from  the  head  end  of  the 
cylinders. 

20.  These  combinations  are  made  from  the  cards  shown  in  Figs. 
61  and  62,  and  are  accompanied  by  tables  giving  the  measurements 
taken  from  the  diagrams.  The  perfection  with  which  the  cards 
from  the  yV  load  match  the  theoretical  expansion  curve,  is  worthy 
of  note.  This  feature,  however,  is  not  so  well  carried  out  on  the 
combined  card  of  the  full  lo^d.  Fig  66. 

21.  I  considered  it  of  interest  to  add  Figs.  No.  67  and  68  also. 
The  former  gives  the  diagrams  obtained  from  the  engine  when 
running  the  dynamo,  without  doing  any  work,  excepting  the  fric- 
tion of  the  combined  unit.  The  latter,  Fig.  68,  shomng  a  set  of 
diagrams  obtained  under  an  over-load  of  about  25  per  cent. 

Xo  steam  consumption  tests  were  made  under  these  loads,  the 
cards  simply  serving  to  show  the  steam  distribution  under  these 
conditions. 

22.  A  comparison  of  the  results  obtained  at  the  different  loads 
reveals  some  very  interestng  features;  a  very  important  one  being 
the  slight  difference  in  the  quantity  of  steam  consumed  per  in- 
dicated horse-power  per  hour  imder  the  various  conditions  of  load 
and  steam  pressure ;  representing  a  curve  of  economy  closely  ap- 
proximating a  straight  line.  This  will  be  seen  by  reference  to 
the  diagram  of  efficiency.  The  difference  betw^een  the  highest 
and  lowest  steam  consumption  being  only  2.09  pounds. 

23.  It  will  also  be  noticed  that  the  distribution  of  work  between 
the  two  cylinders  is  nearly  uniform  under  all  loads,  up  to  the  rated 
capacity,  after  which  the  tendency  is  for  the  low  pressure  cylindej- 
to  do  the  greater  proportion. 

24.  As  before  stated,  there  is  no  variation  of  the  point  of  cut-off 
in  the  low  pressure  cylinder,  the  setting  of  the  valves  remaining 
the  same  during  the  complete  series  of  tests;  and  it  may  be  that 
the  throttling  action  of  the  governor  by  decreasing  the  lead  and 
initial  pressure  in  the  high  pressure  cylinder  under  the  light  loads, 
contributed  largely  to  the  uniformity  of  the  results. 


O 
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25.  It  ^vill  also  be  noticed  that  the  best  economy  was  obtained  at 
about  three-quarters  load;  this  I  consider  due  to  the  fact  that  the 
reheater  was  sufficiently  large  to  superheat  the  steam  passing  to 
the  low  pressure  cylinder  up  to  this  point.  On  the  load  being 
increased  some  accumulation  of  water  was  noticeable  in  the  gauge 
glass,  which  would  after  a  time  evaporate  and  pass  through  the 
low  pressure  cylinder.  This  failure  of  the  reheater  to  perform 
its  proper  functions  on  the  increased  loads,  is  clearly  indicated 
in  Fig.  QQ,  and  in  all  probability  had  some  tendency  to  impair 
the  efficiency  of  the  apparatus  under  heavy  loads. 

26.  In  conclusion,  therefore,  it  seems  apparent  that  on  account 
of  this  particular  test  and  from  others  corroborating  it,  made  at 
other  times,  the  follomng  more  important  and  rather  new  prin- 
ciples are  fairly  established : 

First:  That  as  a  prime  mover  the  elaborate  dash  pot  or  other 
accelerated  cut-off  devices  used  in  present  Corliss  Engine  practice 
are  unnecessary  complications  and  unwarranted  when  comparing 
results. 

Second:  That  the  centrally  balanced,  direct-acting  fly  wheel 
device  serves  its  purpose  to  better  advantage  than  the  indirect  fly 
ball  governor. 

Third:  That  there  is  better  warrant  for  shorter  strokes  and 
moderately  high  speeds  than  for  longer  strokes  and  resultant 
lower  speeds,  notwithstanding  the  element  of  clearances. 

Fourth:  That  self -lubrication  without  additional  apparatus  re- 
quiring attention  to  secure  it,  enters  as  an  improvement  in  net 
efficiency,  to  say  nothing  regarding  maintenance. 

Fifth:  That  an  engine  of  the  described  design,  although  of 
marked  improvement  in  point  of  simplicity  will  rather  exceed 
than  equal  the  more  elaborate  practice  heretofore  established  at 
normal  load  and  excels  comparable  prime  movers  in  a  marked  de- 
gree where  the  work  is  of  a  widely  fluctuating  character. 

Sixth:  That  considering  a  resulting  decrease  in  the  cost  of 
foundations,  building,  floor  space,  and,  in  electric  practice,  gener- 
ators, due  to  better  speeds,  the  design  described  determines  its 
importance  from  the  standpoint  of  investment. 

DISCUSSION. 

Prof.  E.  C.  Carpenter. — The  results  of  the  tests  of  the  Fleming 
4-valve  engine  described  in  Mr.  Allen's  paper  show  very  creditable 
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results  ooinparod  with  an  engine  of  similar  dimensions  operating  at 
tlie  relatively  high  speed  of  150  revolutions  per  minute.  I  consider 
it  doubtful,  however,  if  the  tests  cited  are  sufficient  to  establish 
a  water  rate  for  ordinary  cases  as  uniform  as  that  shown  under 
the  peculiar  conditions  of  the  various  tests  cited.  The  tests  show 
four  results  obtained  when  the  engine  carried  a  load  more  than 
tive-eighths  of  its  rating,  and  a  single  test  when  the  engine  was 
loaded  to  only  one-sixth  part  of  its  rating;  this  single  test,  when 
plotted  with  the  results  obtained  for  higher  loads,  forms  a  nearly 
liorizontal  curve,  as  shown  in  Fig.  64  of  the  paper,  and  indicates  a 
remarkable  uniformity  of  steam  consumption  for  wide  variations 
in  loading.  By  computing  the  total  steam  used  per  hour  and  con- 
structing a  curve  with  total  indicated  horse  power  as  abscissse 
and  total  weight  of  steam  as  ordinates,  some  interesting  relations 
are  shown  which  are  not  developed  in  the  paper.  * 

The   total  indicated  horse  power   and  total   steam  per  hour 
are  shown  in  the  following  table : 


Total  horse  power. 

Total  Bteam  per  hour. 

Steam  pressure. 

Lbs. 

Lbs. 

87.07 

1255.5 

89.72 

321.54 

4369.7 

129.9 

348.28 

4294.3 

149.4 

501.55 

6349.6 

152.0 

553.49 

7046.9 

153.0 

The  curve  showing  the  relation  between  total  steam  per  hour 
and  total  power  developed  is,  as  shown  by  the  diagram,  Fig.  70, 
wliich  is  noted,  practically  a  straight  line,  A  By  which  can  be  rep- 
resented approximately  by  the  equation 

Total  steam  per  hour  =  200  -f-  12.3  (H.  P.) 

from  which  we  find 

Steam  per  I.  II.  P.  per  hour  =  4-  12.3. 

I  have  plotted  a  great  many  engine  tests  in  this  manner,  and 
have  found  that  an  engine  controlled  by  a  throttling  governor 
invariably  gives  a  straight  line  curve,  which  fact  I  think  was  first 
pointed  out  by  Mr.  11.  II.  Willans  of  Kngland,  and  has  sometimes 
been  characterized  as  Willans'  Law.  On  the  other  hand,  an  en- 
gine controlled  by  an  automatic  governor  has  for  its  characteristic 
a  cur\T.d  line  approximating  that  shown  in  dotted  lines  C  D  E  in 
the  figure  submitted. 
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The  governor  used  on  the  Fleming  engine  was  of  the  automatic 
type,  but  the  tests  which  were  submitted  were  made  with  differ- 
ent steam  pressures;  consequently  the  general  effect  of  the  tests 
with  light  loads  would  approximate  that  obtained  with  a  throttling 
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governor  applied  to  the  high-pressure  cylinder,  i.e.,  a  low  steam 
pressure  would  give  a  later  cut-off  than  w^ould  have  been  experi- 
enced had  the  pressure  been  high.  This,  in  my  opinion,  accounts 
for  the  fact  that  in  the  curve  which  I  submit  the  result  of  the  test 
with  the  low  load  falls  in  a  right  line  with  the  other  tests.  While 
this  is  purely  accidental,  it  has  the  effect  of  making  the  steam 
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consumption  less  at  a  light  load  than  would  have  been  the  case 
had  the  steam  pressure  been  maintained  at  150  pounds  for  the 
entire  series  of  tests. 

It  is  my  impression  that  with  a  constant  steam  pressure,  this 
engine  will  show  about  the  same  variation  in  steam  consumption 
per  unit  of  power  as  the  Corliss  engines  or  other  good  engines  of 
the  automatic  type. 

Mr.  lioclwood. — It  appears  that  the  purpose  of  this  paper,  as 
stated  in  paragraph  1,  is  not  quite  the  same  thing  as  the  impres- 
sion gained  by  reading  it.  I^ew  principles  of  design  are  claimed, 
but  none  is  described;  and  while  a  novel  form  of  positively-driven. 
Corliss  valve  gear  is  hinted  at,  its  details  are  not  given,  and  the 
feeling  of  the  reader  is  that  the  author  is  claiming  broadly,  as 
a  novelty,  the  use  of  the  shaft  governor  as  a  means  of  controlling 
the  cut-off  valves.  The  same  thing  may  be  said  of  the  references 
to  the  use  of  a  system  of  automatic  lubrication.  Also,  the 
"  efficiency  " — if  by  that  is  meant  economy  of  steam — is  mis- 
takenly claimed  to  exceed  that  of  other  stationary  4-valve  en- 
gines of  the  high  ratio  compound  type,  especially  with  variable 
loads,  for  the  best  performance  of  this  engine  is  more  than  one 
pound  of  steam  per  indicated  horse  power  per  hour  in  excess  of 
the  best  recorded  performance  of  a  high  ratio  compound  engine 
of  the  odinary  slow-speed  Corliss  type.  I  think,  therefore,  that 
the  claims  of  paragraph  26 — Avith  the  possible  exceptions  of  the 
second  and  the  sixth — should  be  omitted,  and  that  the  construc- 
tion which  it  was  the  stated  object  of  the  paper  to  describe  should 
actually  be  described  fully,  instead  of  merely  hinted  at.  These 
strictures  have  reference  rather  to  the  form  and  claims  of  the 
paper  than  to  the  engine  itself,  about  which  enough  is  made  clear 
to  excite  one's  interest  and,  possibly,  one's  approval  of  its  pecul- 
iarities. 

The  chief  thing  about  the  design  of  this  engine  which,  broadly 
considered,  is  still  unusual  is  the  use  of  the  high  cylinder  ratio. 
It  is  now  about  twelve  years  since  the  first  slow  speed  compound 
stationary  engine  with  an  exaggerated  cylinder  ratio  was  built 
and  tested.  The  results  were  published  in  Volume  XIII.  of  the 
Transact  ions.  The  accuracy  of  these  tests  and  their  sufficiency 
to  prove  the  superior  value  of  the  high  ratio  over  the  common 
ratio  of  three  or  four  to  one  was  not  at  once  believed  by  many 
prominent  engineers,  for  the  reason  that  the  general  theory  of 
the  steam  engine  seemed  to  them  to  be  against  the  possibility  of 
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the  tnitli  of  any  siieli  results.  At  that  tinie  the  best  acknowledged 
performance  of  the  compound  engine  was  between  14  and  15 
pounds  per  indicated  horse  power  per  hour,  and  even  those  re- 
ports of  triple-expansion  pumping-engine  tests,  w^herein  was 
claimed  a  steam  consumption  of  between  12  and  13  pounds,  were 
at  first  considered  to  be  little  better  than  "  fairy  tales."  If  at 
that  time  an  engineer  had  reported  to  this  Society  a  paper  like  the 
one  we  are  now  considering,  he  would  have  been  received  with 
entire  incredulity  if  not  with  scorn. 

A  distinguishing  characteristic  of  these  high  ratio  compounds 
is  the  phenomenon  of  drop.  It  was  believed  then,  as  it  is  now, 
that  drop  entails  a  loss  of  work  by  free  expansion;  and,  without 
going  further  into  the  total  effect  of  its  use  than  that,  there  w^as  a 
singular  and  unanimous  determination  on  the  part  of  all  writers 
on  the  steam  engine  to  discourage  the  toleration  of  any  drop 
whatever  in  compound  engines.  The  fact  is  now,  however,  ap- 
preciated that  the  high  ratio  compound  is  much  more  economical 
at  light  loads  than  is  the  engine  ^rith  a  low  cylinder  ratio,  and 
the  tests  submitted  in  the  paper  are  a  further  proof  of  this.  The 
history  of  the  progress  of  the  high  ratio  idea  is  interesting,  for  it 
bears  on  the  question  of  how  much  drop  is  desirable.  Between 
1885  and  1890  several  large  steamers  of  the  Leyland  Line  had 
their  old  style  compound  engines,  which  used  steam  at  90  pounds 
boiler  pressure,  converted  into  high  ratio  compounds  with  steam 
at  150  pounds  pressure.  The  new  engines  of  the  steamship  '^  Alge- 
rian," for  instance,  vrere  found  on  trial  to  equal  the  economy 
of  triple-expansion  engines  of  the  same  power.  Cut-off  occurred, 
however,  at  the  unusually  early  point  of  one-quarter  of  the  stroke 
in  regular  operation,  with  the  result  that  these  engines  Avorked 
with  no  more  drop  than  is  usual  in  marine  engines  of  the  triple- 
expansion  tj^pe  cutting  off  at  three-quarters  of  the  stroke,  as  such 
engines  generally  do  or  even  at  a  later  cut-off. 

But  this  system  of  so  altering  old  ships  received  something  of 
a  setback  in  1892,  when  a  test  was  made  on  the  steamship 
"  Iveagh,"  both  with  and  without  the  use  of  the  intermediate 
cylinder.  The  actual  figures  obtained  on  these  trials  showed  a 
saving  of  coal  of  30  per  cent.  Although  these  tests  seemed  on  the 
face  of  the  matter  to  be  fair  comparative  tests,  the  engines  and 
boiler  pressure  being  identical  in  both  cases,  yet  in  reality  they 
only  proved  what  might  have  been  anticipated,  that  in  the  high 
ratio  compound  very  excessive  drop — such  as  where  there  is  prac- 
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ticallv  no  ox]>ansioii  in  either  cylinder  before  release — is  very 
wastefnl.  It  does  not  do,  in  otlier  words,  to  have  all  the  expan- 
sion take  ]daee  in  the  receiver.  In  the  case  of  the  "  Iveagh  "  the 
drop  was  more  than  three  times  what  it  was  on  the  engines  of 
the  ''  Algerian,"  hc^ng  as  much  as  100  pounds. 

On  the  other  hand,  a  reasonable  amount  of  drop  is  accom- 
]>anied  hy  a  distinct  net  gain  of  economy  at  all  loads.  This  is 
because  the  waste  of  heat  resulting  in  all  engines  from  condensa- 
tion of  steam  and  its  subsequent  reevaporation  at  the  moment 
of  release,  without  the  performance  of  work,  is  undeniably  re- 
dnced.  In  the  stationary  4-valve  type  of  engine,  the  amount  of 
dro])  in  high  ratio  compounds  is  of  small  extent  compared  with 
what  took  jdace  in  the  engines  of  the  "Iveagli";  it  never  ex- 
ceeds 30  jxHinds,  and  usually  is  from  15  to  25  pounds,  and  hence 
these  engines  do  remarkably  economical  work,  and  there  are  in 
operation  this  minute — as  the  result,  I  believe,  of  the  publication 
of  the  tests  referred  to  in  Volume  JXIII. — several  hundred  thou- 
.sand  horse  power  of  them. 

The  theory  upon  Avhich  the  engines  of  the  ^'  Algerian  "  were 
designed  was,  evidently,  a  wrong  one.  It  was  thought  that  the 
increased  waste  due  to  cylinder  condensation,  which  the  greater 
range  in  pressure  permitted  in  the  first  cylinder,  would  be  ob- 
viated by  preventing  the  increased  temperature  range  naturally 
accompanying  it  by  the  introduction  between  the  two  cjdinders 
of  a  cylinder  containing  a  spiral  sheet  of  copper,  and  called  a 
"  heat  retainer.''  This  device  was  actually  fitted  to  several 
steamers  before  the  absurdity  of  it  became  apparent  by  actual 
thermometer  tests.  Nevertheless,  had  the  designers  and  owners 
of  those  engines  not  fully  expected  that  the  natural  increase  in 
tlie  range  in  temperature,  due  to  the  enlarged  range  in  pressure 
in  the  high-pressure  cylinder,  would  have  been  nullified  by  its 
agency,  they  would  have  abandoned  the  high  ratio  idea  without 
experiment.  My  idea,  on  the  other  hand,  was  and  is,  that  there 
would  be  no  increase  in  cylinder  condensation  due  to  the  omis- 
sion of  an  intermediate  cylinder,  and  that  moreover  there  would 
be  certain  practical  gains  eflFected  by  fattening  the  combined  dia- 
gram. 

It  is  of  interest  to  co7ny)are  the  performance  of  th(;  L(;avitt 
pumping  engine  at  the  Chestnut  Hill  Reservoir,  Boston,  with 
that  of  the  In'gh  ratio  (Jooper  Corliss  compound  mill  engine  at 
Providence,  K.  I.     With  identical  boiler  pressures,  ratios  of  ex- 
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pansion  and  degrees  of  vacuums  the  steam  consumptions  per  iit- 
dicated  horse  power  per  hour  were  also  identical,  or  11.2  pounds. 

I  can  corroborate  the  straight  line  shown  for  steam  consump- 
tion at  variable  loads  out  of  my  own  experience.  I  should,  I  con- 
fess, like  to  see  some  proof  that  on  this  short  stroke  engine  the 
low-pressure  clearance  does  not  exceed  4.6  per  cent.  I  have  never 
seen  a  Corliss  engine  that  would  give  less  than  6  per  cent,  to  7  per 
cent,  clearance  even  with  relatively  much  longer  strokes.  Also, 
while  the  design  of  this  engine  looks,  in  the  illustration,  prac- 
tical and  satisfactory,  I  cannot  see  that  it  is  any  less  complicated 
than  if  it  had  dash  pots  and  a  fly-ball  governor.  I  believe  that 
other  things  being  equal  except  the  speed  of  rotation — that  is, 
with  the  same  piston  speed — the  long-stroke  engine  will  beat  the 
short-stroke  engine  every  time.  A\^ithout  doubt,  however,  the  ad- 
vantage of  the  long  stroke  is  small,  and  out  of  consideration  of 
economy  of  first  cost  of  all  parts  of  the  imit,  the  short  stroke  is 
to  be  preferred. 

Mr.  C.  Y.  Kerr. — I  would  also  like  to  have  the  author  give 
the  data  of  that  re-heater.  If  we  had  the  square  feet  of  heating- 
surface  in  the  re-heater,  the  pressure  under  which  the  steam  is 
condensed,  and  the  weight  and  temperature  of  the  water  con- 
densed, we  could  make  some  interesting  calculations  on  the  per- 
formance of  this  engine  that  we  cannot  make  now  mth  the  data 
at  hand. 

Mr.  J.  A.  Seymour. — I  wish  to  take  exception  to  the  conclu- 
sions reached  in  the  paper  concerning  the  advantage  of  a  short 
stroke  as  regards  economy.  I  have  found  from  the  results  of  a 
series  of  tests  with  engines,  varying  in  stroke  from  21-  to  06 
inches,  but  otherwise  similar  in  all  respects,  that  a  moderately 
long  stroke  means  a  very  considerable  gain  in  economy  as  com- 
pared with  a  short  stroke,  such  as  that  of  the  engine  described 
bv  Mr.  Allen,  and  that  with  a  further  increase  in  stroke  bevond 
a  certain  point,  the  gain  becomes  much  less.  That  as  good 
economy  cannot  be  obtained  with  engines  of  short  stroke  as  with 
those  of  moderately  long  stroke  is  recognized  generally  by  en- 
gineers having  experience  with  both  types.  The  remarks  just 
made  by  Mr.  Rockwood  show^  that  he  has  found  this  to  be  so. 

I  have  mentioned  this  series  of  tests,  which  Avere  made  in  vari- 
ous locations,  with  and  without  superheating  receivers,  some  with 
saturated  and  some  vd\\\  superheated  steam,  and  in  each  case 
conducted  jointly  by  purchaser  and  builder  to  determine  as  to 
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iHiHilniont  of  contract  g'uarantces,  merely  because  engines  of 
identical  style  and  make  are  seldom  built  wdtli  such  Avidely  vary- 
ino-  strokes  and  these  tests,  therefore,  the  results  of  which  are  all 
verv  consistent,  aiford  an  unusually  good  basis  of  comparing  the 
effect  which  length  of  stroke  has  upon  the  economy  of  an  engine. 

AVhile  I  agree  in  regard  to  the  advantage  of  higher  rotative 
speeds,  I  think  the  paper  is  wrong  in  its  conclusions  concerning 
the  economy  to  be  secured  with  short  strokes,  and  that  the  results 
iriven  need  confirmation. 

Mr.  Allen. ^ — There  are  some  of  these  questions  which  have  been 
asked  that  are  pretty  hard  for  me  to  make  reply  to  at  once.  But 
first  I  wish  t<i  make  a  few  remarks  in  corroboration  of  the  results 
given  in  this  particular  test.  Some  two  or  three  years  ago  I  was 
called  upon  to  make  a  series  of  tests  upon  a  pair  of  engines  which 
were  of  the  same  design  exactly  as  this  engine.  This  pair  of  en- 
gines was  running  at  a  speed  of  225  revolutions  per  minute;  the 
steai^  pressure  was  125  at  the  throttle;  the  vacuum  was  about 
26  inches,  and  the  rated  capacity  was  300  horse  power.  It  did  not 
have  any  reheating  receiver  or  any  steam  jackets.  I  think  I  can 
recollect,  at  least  approximately,  the  figures  obtained,  and  I  will 
cite  them.  On  the  test  made  at  one-quarter  load,  the  results  were 
IS. 43  pounds.  On  the  test  made  at  one-half  load,  the  results  were 
17.45  pounds.  On  the  test  made  at  three-quarter  load,  the  results 
were  14.97  pounds.  On  the  test  made  at  about  the  full  rated  load 
of  300  horse  power,  the  result  Avas  15.22  pounds,  and  on  the  25 
J  XT  cent,  over  load  15.33  pounds.  These  figures  represent  the 
actual  weight  of  feed  water  pumped  into  the  boilers  and  without 
any  corrections  for  moisture.  If  you  will  compare  the  figures 
given,  the  highest  and  lowest,  you  will  notice. that  in  this  case  also 
the  difference  is  only  about  3.4G  pounds.  The  ratio  of  this  engine 
was  1  to  5^.  It  had  a  high-pressure  cylinder  of  13  inches.  Low 
pressure  thirty  and  five  thirty-secondths,  and  the  stroke  was  17^ 
inches,  running  at  a  speed  of  225  revolutions  per  minute.  I  have 
iiia<le  f)ther  tests  of  this  particular  type  of  engine  which  cor- 
rol)orate  the  test.s  made  in  this  paper. 

\\  ith  reference  to  the  remarks  of  Professor  Carpenter  regard- 
ing the  variation  in  steam  ])ressure,  I  wish  to  say  that  the  gov- 
ernor is  so  arranged  on  the  shaft  of  this  engine  that  by  giving  it  a 
w?rtain  anionnt  of  angular  advance,  the  lead,  as  the  paper  states. 
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is  reduced  at  the  earlier  points  of  the  cut-off.  If  you  will  measure 
the  initial  pressure  given  on  the  card  of  the  sixth  load  in  this  paper, 
vou  will  notice  that  it  is  far  from  being  90  pounds  in  the  cylinder, 
and  that  the  throttling  action  is  very  apparent. 

It  has  been  my  experience  that  this  same  engine  running  with  a 
higher  pressure  does  not  give  any  higher  initial  pressure  in  the 
cylinder  on  the  light  loads  than  it  would  if  the  pressure  at  the 
throttle  were  low.  So  that,  outside  of  the  fact  that  there  is  a  little 
more  heat  in  the  steam  chest,  I  do  not  believe  that  the  higher  pres- 
sure would  have  made  any  difference  in  the  result. 

Mr.  Kent  asked  for  further  data  regarding  the  design  of  the 
engine.    I  will  add  that  to  the  paper  before  it  is  finally  published. 

Regarding  the  clearance,  the  valves  of  this  engine  are  of  rather 
peculiar  construction,  and  I  really  do  not  think  that  the  engine 
can  be  compared  with  a  Corliss  engine — that  is,  not  in  the  same 
sense  that  the  discussion  seems  to  imply.  The  clearance  between 
the  low-pressure  piston  and  the  head  was  only  about  one-eighth  of 
an  inch.  The  head  was  turned  and  polished,  as  also  was  the  piston, 
on  both  sides,  the  crank  end  being  cast  in  solid.  The  percentage 
of  clearance  given  is  that  percentage  which  has  been  carefully 
calculated  from  the  drawing  and  checked  up  by  two  or  three  dif- 
ferent persons. 

Regarding  the  condenser,  this  was  of  the  surface  type — I  can- 
not remember  the  name  of  it.  It  was  operated  independently  of 
the  engine.  There  was  no  test  made  of  the  amount  of  steam  con- 
sumed by  the  condenser. 

With  reference  to  the  reheater,  steam  direct  from  the  boiler 
was  passed  through  the  reheater  and  carried  off  by  means  of  a 
trap.  I  am  sorry  to  say  that  through  an  error  on  the  part  of  the 
man  looking  after  the  water  coming  from  this  reheater,  he  neg- 
lected to  take  the  temperature  of  it.  So  I  cannot  give  you  that 
data,  but  the  weights  I  am  absolutely  certain  are  correct;  that  is, 
the  weghts  of  water  consumed  by  the  reheater.  These  I  have  in 
the  original  tests,  but  not  in  this  paper.  That  data  of  course  I 
could  put  in  the  final  printed  matter  also. 

In  response  to  numerous  requests  for  more  complete  details  of 
the  construction  and  further  information  of  the  test  of  the  I-valve 
engine,  wliich  was  the  subject  of  my  paper,  I  have  considered  it 
advisable  to  add  the  drawing  Fig.  71,  showing  cross  section  of 
valves  and  cylinders,  and  Fig.  72  showing  the  plan  and  elevation 
of  the  engine  in  detail. 
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Tlio  drawing  of  tlie  oyliiulors,  Fig.  71,  was  made  for  a  smaller 
eiiii-ine,  but  the  dej^ign  and  construction  of  the  valves  is  the  same 
as  on  the  engine  from  which  the  test  w^as  made. 

It  will  be  noticed  on  referring  to  this  cross  sectional  drawing, 


Fig.  73. 


that  the  steam  valves  of  the  high-pressure  cylinders  operate  in  re- 
movable cast-iron  l)nshings,  as  described  in  the  paper,  and  that  the 
ports  are  arranged  in  such  a  manner  that  the  three  edges  are 
opened  at  one  time.  This  arrangement  of  triple  ports  combined 
with  the  rapid  angular  motion,  obtained  from  the  use  of  the 
IK'Ciiliar  arrangement  of  bell  cranks,  gives  a  very  quick  ad- 
nuHr^ion  and  cnt-ofT.  The  use  of  the  bushings  gives  a  ready  means 
of  renewal  when  repairs  jire  necessary,  as  the  cages  can  simply  be 
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removed  and  new  ones  forced  in,  in  a  very  short  time,  obviating 
the  necessity  of  boring  out  the  holes  as  must  be  done  in  the  case 
of  the  Corliss  engine.  ^ 

The  steam  valves  of  the  low-pressure  cylinder  are  also  triple 
ported,  but  have  a  different  arrangement  of  steam  passage  and 
do  not  operate  in  bushings.  We  do  not  consider  this  necessary  in 
this  cylinder,  as  the  valves  are  constantly  ^vorking  at  the  same 
travel,  insuring  thorough  lubrication,  and  as  the  surfaces  are  large, 
the  amount  of  wear  is  very  slight  after  years  of  operation. 

The  exhaust  valves  in  both  cylinders  are  single  ported,  the 
valves  being  virtually  plug  cocks  which  close  in  such  a  manner  as 
to  eliminate  entirely  the  space  inside  the  valve  from  the  clearance 
volume.  The  valves  of  the  high-pressure  cylinders  are  operated 
by  means  of  our  centrally  balanced  inertia  governor,  wdiich  is 
clearly  shown  by  Fig.  73.  This  governor  is  the  same  as  is  used 
on  all  engines  of  the  Fleming  system. 

The  steam  valves  of  the  low-pressure  cylinder  are  operated  by 
means  of  an  independent  eccentric,  which  is  practically  fixed  to 
the  shaft,  but  has  a  point  of  suspension  similar  to  that  used  on  the 
governor,  and  is  arranged  ^^ith  a  screw  by  means  of  wdiich  it  can 
be  moved  across  the  shaft,  and  the  point  of  cut-off  varied  in  the 
low-pressure  cylinder  without  changing  the  lead.  This  can  be 
done  only  while  the  engine  is  not  in  motion. 

The  eccentric  next  to  the  main  bearing  controls  the  exhaust 
valves  in  both  high  and  low-pressure  cylinder,  by  means  of  a 
peculiar  combination  of  rocker  arms.  These  rocker  arms  are  all 
made  of  open  hearth  steel  castings,  and  those  w^hich  operate  the 
steam  valves  are  keyed  to  the  shaft  at  each  end  next  to  the  rocker 
shaft  bearings. 

This  shaft  has  a  running  fit  in  two  bearings  attached  to  a 
bracket  which  is  bolted  to  the  side  of  the  bed.  Between  these 
two  rocker  arms  at  the  extreme  end  of  the  shaft  is  located  the 
rocker  arm  which  connects  to  the  steam  valves  of  the  low-pres- 
sure cylinder,  also  the  rocker  arm  which  operates  the  exhaust 
valves  of  both  cylinders.  These  rocker  arms  run  loose  on  the 
shaft  and  are  babbitted  inside  the  hole  to  avoid  cutting.  They 
are  also  pro\dded  with  large  bronze  adjusting  shoes  to  take  up 
the  wear  at  this  point. 

All  the  pins  used  throughout  the  valve  gearing,  and  in  fact 
on  the  whole  engine,  are  made  of  steel,  case  hardened  and  ground, 
and  the  connections  in  the  valve  gearing  are  of  phosphor  bronze. 
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j>rovi(.lcd  Avitli  inoaii^  of  adjustment  so  that  wear  can  be  taken  up 
without  removing  the  rods  from  their  pins.  All  the  bell  cranks 
and  valve  arms  are  made  amply  strong  of  malleable  iron  to  guard 
against  possible  breakage. 

There  is  a  disconnecting  valve  for  each  pair  of  valves  where 
the  reacli  rod  connects  to  each  set  of  bell  cranks.  This  discon- 
necting device  is  arranged  in  such  a  manner  that  by  simply 
throwing  a  lever,  a  cam  is  disengaged  from  the  rod,  which  is  then 
free  to  move  through  the  pin  connected  to  the  bell  crank,  so  that 
by  means  of  a  starting  bar  each  pair  of  valves  can  be  readily 
tried  before  the  engine  is  turned  over  under  steam. 

The  valve  gearing  is  most  substantial  throughout,  all  the  parts 
being  exceptionally  large  and  heavy.  The  brackets  of  the  steam 
valves  are  connected  together  with  links  and  ream-fitted  bolts 
in  such  a  manner  that  the  two  steam  brackets  of  each  cylinder 
form  a  rigid  truss  and  are  made  to  distribute  the  strain  in  an 
admirable  manner. 

The  same  system  of  self  lubrication  is  used  on  these  engines 
as  is  used  on  all  the  Fleming  engines.  The  cylinders  are  neatly 
covered  with  cast  iron  lagging,  ground  and  polished.  The  space 
between  being  filled  with  the  best  quality  of  non-conducting 
material.  Tlie  connection  between  the  high-  and  low-pressure 
cylinder  is  arranged  in  halves,  and  attached  to  the  cylinders  by 
means  of  cap  bolts,  so  that  in  case  it  is  necessary  to  examine  the 
interior  of  the  low-pressure  cylinder  the  connection  can  be  readily 
removed,  thus  allo^\'ing  ample  room  to  move  back  the  head  and 
examine  the  cylinder  or  make  adjustments  to  the  piston. 

The  piston  of  the  low-pressure  cylinder  has  a  bull  ring  of  the 
phosphor"  ]>ronze  type,  which  is  arranged  in  such  a  manner  that 
in  case  of  wear  the  piston  rod  can  easily  be  raised.  The  use  of 
phosphor  bronze  in  the  bull  ring  has  proven  very  satisfactory 
and  insures  long  \vear  without  cutting. 

The  drawing  of  the  plan  and  elevation  of  the  engine,  Fig.  72, 
shows  more  clearly  the  style  and  construction  of  the  valve  gearing 
than  does  the  cut,  Fig.  GO,  in  the  paper  read  before  the  Society, 
which  cut  was  made  from  a  pliotograph  of  the  engine. 

In  order  to  show  more  clearly  the  arrangement  of  the  re-heat- 
ing receiver  and  its  connections  on  this  particular  engine,  I  have 
considered  it  of  interest  to  add  drawing,  Fig.  74,  which  is  a 
foundation  plan  of  this  particular  engine. 

It  will  be  noticed  that  the  re-heating  receiver  is  of  the  vertical 
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tvpc.  It  was  built  by  the  AVhceler  Surface  Condenser  Co.,  and 
contains  a  series  of  vertical  tubes,  one  inside  the  other,  arranged 
after  the  manner  usual  in  the  construction  of  their  surface  con- 
densers. 

This  re-heating*  receiver  contains  250  square  feet  of  heating 
surface,  and  the  writer  is  of  the  opinion  that  the  falling  off  of 
the  economy  on  the  full  load  is  largely  due  to  the  fact  that  this 
surface  was  insufficient  for  this  size  engine.  The  amount  repre- 
sents about  ^  square  foot  to  the  horse  power  at  the  rated  capacity 
of  the  engine. 

In  reply  to  question  asked  by  Mr.  C.  Y.  Kerr  with  reference 
to  the  re-heater.  The  steam  entered  the  re-heater  at  150  pounds 
pressure,  and  was  taken  therefrom  by  means  of  a  Bundy  trap 
and  passed  through  a  coil  of  pipe  immersed  in  a  tank  which  was 
constantly  running  full  of  cold  water.  This  tank  was  placed 
above  another  tank  on  a  pair  of  scales,  so  that  when  the  trap  dis- 
charged its  contents,  all  the  steam  passing  through  the  re-heater 
was  allowed  to  flow  into  the  tank  on  the  scales  where  it  was 
weighed. 

As  mentioned  by  the  writer,  there  was  no  temperature  taken 
of  this  water,  l)ut  it  is  fair  to  say  that  it  was  not  above  100  degrees. 

The  amount  of  water  used  by  the  rcrheater  under  the  different 
loads  given  in  the  table  of  the  test  I^o.  2  of  my  paper  is  as  follows: 

Test  at    ^    lo;id,  steam  used  per  I.  H.  P.  per  hour  1.26  lbs. 

it  •<  5.  >i  •<  K  "  «<  •'  <«  1       ')1  '< 

n  J.   ^^  1. 

<(      It      I      (.  <i  <<         «<  '<  <<         <«         fi9    " 

1  (>■  •  •"*' 

<  (     "full''  "         "        "         "  "        *  *      •  •54  '  * 

« «      « <  1   1       4  <  <  (  t  <  it  ( (  <  <  « <         ^4.     '  ' 

deferring  to  remarks  made  during  the  discussion  in  which  ex- 
ception was  taken  to  the  conclusions  reached  in  the  paper  concern- 
ing the  advantage  of  the  short  stroke  engine  as  regards  economy, 
the  writer  would  say  that  he  has  been  called  upon  to  make  tests 
of  a  great  numlx'r  of  engines  similar  to  the  one  described  in  the 
paper,  and  it  is  fair  to  say  that,  in  each  and  every  case,  he  has 
found  tlie  economy  to  exceed  that  of  the  Corliss  engine,  either 
medium  or  long  stroke,  under  similar  conditions. 

The  results  cited  by  tlic  writer  on  the  engine  of  300  horse- 
pf>wer,  with  a  stroke  of  17^  inches,  speed  225  revolutions  per 
minute,  were  at  most  economical  points  less  than  15  pounds,  with 
125  pounds  of  steam  and  25  inches  vacuum  and  without  any 
re-beating  receiver. 
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The  writer  has  also  in  mind  another  test  which  he  was  called 
upon  to  make  on  a  simple  four  valve  engine  of  this  type,  size 
15  X  15;  speed,  180  revolutions;  horse-power,  135;  steam  pressure, 
120  pounds  at  the  throttle,  non-condensing.  The  results  obtained 
from  this  engine  were  23.4  pounds  per  indicated  horse  power  per 
hour,  Avhich  is  as  good  as  the  best  obtained  from  either  long  or 
medium  stroke  Corliss  machine  or  other  engines  of  similar  design. 

Referring  to  Professor  Carpenter's  part  of  the  discussion: 
the  writer's  experience  has  been  that,  with  the  governor  advanced 
as  is  done  on  the  Fleming  four  valve  engine  (thus  decreasing  the 
lead  to  zero  at  the  lighter  loads),  in  controlling  the  speed  of  the 
engine,  the  initial  pressure  must  be  throttled  as  the  steam  enters 
the  high-pressure  cylinder,  especially  on  the  light  loads;  if  this 
were  not  the  case  the  engine  would  run  away,  therefore  the 
lighter  the  load  the  less  the  initial  pressure  in  the  cylinder.  This 
i:^  true  no  matter  what  the  pressure  is  at  the  throttle,  so  had  all 
the  tests  been  made  with  the  same  pressure  at  the  throttle,  in  the 
writer's  opinion  the  results  could  not  have  varied  greatly.  The 
engine  carries  a  certain  load  at  a  certain  speed,  and  as  the  regula- 
tion is  very  close  for  all  changes  of  load,  the  initial  pressure  is  cut 
down  in  order  to  maintain  a  speed  practically  constant  under 
varying  loads. 

Referring  to  Mr.  Rockwood's  remarks  during  the  discussion, 
the  clearance  in  the  low-pressure  cylinder  of  this  engine  was 
determined,  as  mentioned  by  the  writer,  by  carefully  calculating 
the  volumes  from  drawings. 

The  pistons  ran  vdthin  about  ^  inch  of  the  cylinder  head.  The 
work  of  calculating  this  clearance  was  very  carefully  done  and 
was  gone  over  by  several  different  people,  so  that  the  writer  is 
confident  that  the  calcidations  are  correct. 

A  reference  to  the  cross  sectional  drawing.  Fig.  71,  will  show 
that  the  valves  lav  verv  close  to  the  cvlinder,  and  that  there  is  no 
clearance  in  the  exhaust  valves  at  all,  they  being  single  ported, 
and  the  only  portion  of  the  steam  valves  which  entered  the  clear- 
ance is  the  narrow  part  through  the  valve. 

It  vdll  be  remembered  in  the  ordinary  form  of  Corliss  exhaust 
valve  there  is  quite  an  amount  of  space  in  the  valve  which  must 
be  taken  into  the  clearance,  this  possibly  has  something  to  do 
Avith  the  comparatively  small  amount  of  clearance  in  the  cylinder 
of  this  type  and  stroke  as  compared  with  what  can  usually  be 
obtained  with  a  Corliss  form  of  valve. 
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The  c-lainis  made  in  the  paper  reo-arding  the  economy  of  the 
eiiiriiie  are  intended  to  mean  that  the  net  efficiency  of  an  engine 
of  this  type  is  higher  tlian  can  be  obtained  from  the  long-stroke, 
slow-speed  engine,  because  of  the  combination  of  low  steam  con- 
snm]nion  per  horse  power;  more  perfect  regulation  on  account 
of  the  ust  «»f  the  shaft  governor;  economy  of  oil  on  account  of 
self  hibrication;  reduced  amount  of  floor  space  and  foundation 
as  c«un]>ared  with  the  slow  speed  engine,  and  if  direct  connected 
very  nuich  reduced  cost  of  generator  on  account  of  the  high 
rotative  speed. 
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BT  C.   H.   MORGAN,  WORCESTER,   MASS. 

(Member  of  the  Society.) 

1.  Having  had  an  experience  of  35  years  in  the  manufacture 
and  use  of  gas-producers  and  producer-gas,  it  has  been  the  pleasure 
of  the  writer  to  feel  something  of  the  possible  future  of  the  gas 
engine  and  to  endeavor  to  add  something  to  its  development  and 
perfection. 

2.  This  has  been  done  collaterally  to  other  and  more  pressing 
demands  but  always  wdth  unabated  confidence  and  interest. 

3.  In  common  with  others  the  enormous  gaseous  wastes  of  the 
blast  furnace  and  coke  ovens  has  been  a  tempting  field  for  re- 
search and  exploitation.  Our  esteemed  fellow  member,  Mr.  H. 
H.  Campbell,  in  his  '^  Manufacture  and  Properties  of  Iron  and 
Steel,''  strikingly  calls  attention  to  the  fact  that  while  the  blast 
furnace  is  primarily  a  producer  of  iron,  it  is  a  gigantic  gas  pro- 
ducer as  well.f 

4.  Like  the  dependence  of  the  steam  engine  upon  its  boiler  for 
uniformity  and  quality  of  steam  so  is  that  of  the  gas  engine  upon 
the  producer  for  suitable  gas.  ISTor  is  such  gas  easily  obtained. 
Blast  furnace  and  producer  gas,  especially  the  former,  contain 
large  amounts  of  dust  which  comes  from  the  ores,  limestone  and 
ash,  and  which  is  driven  out  with  the  blast.  This  dust  has  been  the 
hete  noir  of  the  gas  engineer  in  attempted  utilization  of  the  gas. 
Cloe'fi'ino;  the  checker  work  and  flues  when  used  for  reheating, 
impeding  combustion  when  burned  under  boilers,  and  cutting  and 

*  Presented  at  the  New  York  meetinsf  (December,  1908)  of  the  American 
Society  of  Mechanical  Engineers,  and  fDrmiug  part  of  Volume  XXV.  of  tlie 
Transactions. 

f  Mt.  Campbell  has  made  a  valuable  suggestion  in  liis  "  Metallurgy  of  Iron 
and  Steel."  (See  pag^e  124.)  lie  says  :  "It  is  quite  possible  that  the  exhaust 
gases  from  the  ^'as  engine  can  be  profitably  employed  to  heat  the  blast  in  the 
stoves  of  the  blast  furnace." 
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grinding  vital  parts  of  the  machine  when  used  in  gas  en^-ines. 
Various  devices  for  ''  washing  '^  or  eliminating  the  dust  have 
been  devised,  when,  in  the  year  1900,  German  engineers  discov- 


FiG.  76. 


ered  the  value  of  passing  the  gas  through  a  simple  centrifugal 
fan  blower  injected  with  a  small  spray  of  water.  The  result  has 
been  exceedingly  promising  and  Avhen  perfected  will  doubtless 
solve  the  troublesome  problem. 


24> 


A  co:^irACT  GAS  engine:  beam  type 


A  co:^rrACT  gas  exotxe  :  beam  type. 


249 


5.  This  engine,  as  illustrated  in  this  paper,  operates  on  the 
two-cycle  principle  mtli  an  explosion  at  everv  downward  stroke 
of  the  piston.  Two  compressors,  one  for  gas  and  one  for  air, 
furnish  the  engine  with  its  charges  of  gas  and  air,  and  provide  air 
for  scavenging.  The  exhaust  is  through  ports  in  the  cylinder 
which  are  uncovered  by  the  piston  near  the  end  of  its  downward 
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Fig.  78. 

stroke;  thus  avoiding  the  use  of  water-cooled  exhaust  valves  and 
the  mechanism  which  would  be  required  to  operate  them.  It  can 
also  be  operated  on  the  four-cycle  system  by  slight  changes. 

6.  The  engine  herein  described  has  been  designed  with  special 
reference  to  the  use  of  such  blast  furnace  and  producer  gases, 
the  working  beam  type  of  engine  and  bent  lever  beam  have  been 
chosen  for  the  following  reasons: — 

7.  It  allows  the  cylinders  to  be  placed  upright,  the  balancing  of 
the  pistons  and  their  connecting  rods;  it  subjects  the  cylinder 
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walls  to  much  less  pressure  from  the  pistons,  reducing  the  fric- 
tion to  a  minimum.  During  the  first  half  of  the  working  stroke 
the  average  pressure  of  the  j^iston  on  the  walls  of  the  cylinder 
is  100  pounds  per  square  foot  of  surface.  Figure  78  shows 
diagrammatically  a  striking  comparison  between  the  beam 
type  of  engine  and  the  ordinary  horizontal  type  "with  trunk  piston 
direct  connected  to  crank  shaft.  Two  cases  of  the  latter  type  are 
illustrated,  one  with  the  connecting  rod  of  a  length  of  5  and  the 
other  6  cranks  respectively.  The  abscissae  represent  points  in 
the  working  stroke  while  the  ordinates  represent  total  pressures 
in  pounds  on  the  cylinder  w^all  due  to  the  angularity  of  the  con- 
necting rods.  The  distance  between  each  of  the  horizontal  cross 
lines  is  equivalent  to  1,000  pounds,  and  the  distance  between  the 
vertical  cross  lines  to  two  inches  of  piston  stroke. 

8.  The  bent  lever  beam  also  gives  us  the  least  pressure  against 
the  walls  of  the  cylinder  during  that  part  of  the  working  stroke 
when  there  is  the  highest  speed  of  the  piston,  and  also  facilitates 
the  lubrication  of  the  piston  and  the  piston  connecting  rod  pins. 

Compactness. 

9.  The  John  Cockerill  Co.,  of  Seraing,  Belgium,  who  were  pio- 
neers in  the  construction  of  large  gas  engines  using  blast  furnace 
gas,  purpose  exhibiting  a  3,000  horse-power  gas  engine  at  the 
St.  Louis  Exposition  in  1904.  An  official  statement  gives  the 
floor  space  to  be  occupied  by  this  engine  as  85  feet  x  45  feet 
(8,825  square  feet).  A  pair  of  engines  of  the  beam  type  arranged 
for  blast  furnace  duty  with  a  capacity  of  3,000  brake  horse-power, 
although  of  the  same  power  as  the  Cockerill  engine  require  a 
space  of  only  24  feet  x  32  feet  (768  square  feet)  one-fifth  the 
space. 

10.  Each  of  the  inlet  valves  of  the  engine  is  a  combination  of  the 
mushroom  or  poppet  valve  and  cylindrical  valves  with  ports  for 
gas  and  air,  all  the  valves  being  arranged  on  one  stem.  The 
cylindrical  valves  have  radial  partitions  which  facilitate  the  mix- 
ture of  gas  and  air  before  entering  the  cylinder,  thus  securing 
prompt  ignition  at  the  first  part  of  the  working  stroke  and  a  cor- 
responding high  efficiency.  The  air  ports  and  poppet  valves  are 
opened  in  advance  of  the  gas  ports  so  as  to  thoroughly  scavenge 
the  cylinder.  Figure  79  shows  the  inlet  valve  in  sec- 
tion in  three  characteristic  positions.  The  left  hand  figure 
represents  the  valve  closed,  the  central  figure  in  a  scavenging 
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.  position  and  the  right  hand  figure  the  position  of  the  valve  when 
fullv  open.  The  proportion  of  gas  and  air  can  be  varied  while 
the  engine  is  running  bj  rotating  the  valve  slightly  upon  its  axis 
by  means  of  the  handle  shown  in  the  illustration. 

11.  The  valve  gear  is  of  the  releasing  or  Corliss  type,  with  dash 
pots  to  secure  quiet  closing.  The  valve  gear  is  operated  directly 
from  the  working  beam  without  eccentrics  or  cams,  which  reduces 
the  lubrication  and  care  usually  required  in  steam  and  gas 
engines.  Figure  80  shows  the  valve  gear  as  adapted  for  use 
in  a  two-cylinder  engine.  The  piston  of  the  left  hand  cylinder 
has  completed  its  downward  stroke,  the  scavenge  lever  during  the 
latter  part  of  this  stroke  has  raised  the  valve  to  the  position 
shown  in  the  illustration,,  which  allows  the  trigger  to  engage  with 
the  valve  slide  and  continue  the  raising  of  the  valve,  opening  the 
gas  ports,  as  the  piston  starts  on  its  upward  stroke. 

12.  This  trigger  is  under  direct  control  of  the  governor  which 
effects  through  its  connections  the  tripping  of  this  trigger  at 
varying  points  in  the  stroke,  as  determined  by  the  load  on  the 
engine.  This  tripping  allows  the  valve  to  return  to  its  seat,  the 
dash  pot  preventing  any  shock  due  to  closing.  The  right  hand 
valve  gear  is  shown  in  its  highest  position,  the  trigger  having 
been  tripped  by  the  action  of  the  governor. 

13.  Each  cylinder  of  the  engine  is  provided  mth  two  ignition  or 
spark  plugs  so  that  in  case  of  failure  the  current  can  be  smtched 
from  one  to  the  other  without  stopping  the  engine.  The  timing 
of  the  ignition,  so  that  the  spark  may  come  before  passing  the 
center,  at  the  center,  or  at  any  required  part  of  the  working 
stroke  is  accomplished  by  a  movable  disc  which  can  be  changed 
instantly  to  any  required  position  when  the  engine  is  running  at 
full  speed. 

1-1,  Fig.  75  shows  a  two-cylinder  engine  of  the  beam  type  with 
two  vertical  single  acting  motor  cylinders  and  one  vertical  double 
acting  blowing  cylinder  of  1,500  brake  horse-power.  The  con- 
necting rods  work  on  the  same  crank  pin  and  are  at  an  angle  of 
90  degrees,  an  arrangement  of  recognized  merit. 

15.  Fig.  76  represents  the  interior  of  a  power  station  with  over- 
head travelling  crane.  The  group  of  engines  sho^vn  is  made  up  of 
units  of  1,500  horse-power  each,  using  blast  furnace  gas  and 
arranged  for  furnishing  blast  for  the  furnaces. 

16.  Fig.  77  shows  an  elevation  partly  in  section  of  the  engine 
without  blowing  tube. 
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17.  Fig.  81  is  a  connection  diagram  for  a  beam  and  a  direct  con- 
nected tvpe  of  engine.  It  shows  the  amount  of  angularity  of  the 
connecting  rods  and  the  points  in  the  stroke  at  which  the  angu- 
hirity  is  a  maximum. 

18.  These  tlicn  are  the  lines  along  which  my  efforts  have  been 


made.  They  are  brought  to  the  attention  of  the  Society  with  the 
hr»pe  tliaf  they  will  give  >ome  measure  of  interest  and  enthusiasm 
in  tlii-  hi^dily  important  field, 

11^  If  the  wastes  of  the  old  generation  are  the  profits  of  the  new 
then  large  dividends  arc  waiting  us  in  the  squandering  of  the 
past. 
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20.  The  fearful  wastes  of  blast  and  coke  furnaces;  the  enormous 
power  in  them  awaiting  capture  and  control-  must  impress  any 
one  at  all  sensitive  to  manufacturing  economies. 

21.  May  this  new  motor  assist  in  bringing  quick  subjection,  har- 
ness a  new  and  better  power  for  the  wants  of  man,  and  so  obey 
the  divine  command  "  to  subdue  and  have  dominion." 

22.  In  closing,  the  author  desires  to  express  his  thanks  to  his 
assistant,  Mr.  A.  J.  Gifford. 


DISCUSSION. 

Prof.  S.  A.  Reeve. — I  should  like  to  refer  to  the  statement  made 
in  the  paper,  quoting  the  remark  of  Mr.  Campbell  where  he  de- 
lines  the  gas-engine  as  ''  a  cannon  with  its  projectile  fastened  to 
the  crank-shaft,"  ^  to  say  that  that  quotation  voices  a  view  of  the 
mechanics  of  the  gas-engine  which  I  find  to  be  quite  common, 
and  which  I  yet  believe  to  be  a  totally  mistaken  view.  The  com- 
mon idea  is  that  when  a  gas-engine  piston  starts  upon  its  stroke 
a  blow  is  struck  against  the  crank-pin.  !N^ow  we  know,  from 
our  simplest  fonns  of  construction,  such  as  the  hammer,  that 
there  must  be  velocity  of  motion  destroyed  in  order  to  develop 
a  blow;  but  in  the  gas-engine  there  is  no  such  thing.  At  the 
moment  of  explosion  no  motion  is  developed,  to  be  destroyed 
in  striking  the  blow,  and  hence  there  can  be  no  impact.  What 
lost-motion  there  may  have  been  in  the  engine-connections  has 
already  been  taken  up  by  the  compression  of  the  charge,  and 
when  the  explosion-pressure  is  formed  in  the  cylinder  it  comes 
on  the  piston-head  decidedly  more  gently  than  it  does  in  the 
case  of  the  steam-engine;  because  in  the  steam-engine,  when  the 
valve  is  opened,  the  steam  rushes  in  at  a  very  high  velocity,  there 
is  motion,  which  is  destroyed  against  the  piston,  and  there  is  a 
blow  struck.  But  in  the  gas-engine  there  is  no  such  thing.  The 
pressure  is  developed,  without  motion,  directly  upon  the  piston- 
head,  and  the  only  reason  why  we  have  trouble  with  main- 
bearings,  etc.,  is  the  fact  of  the  enormous  pressure.  I  think  that 
if  we  attempted  to  design  steam-engines  working,  within  a  single 
cylinder,  from  400  pounds  per  square  inch  of  initial  pressure 
down  to  atmospheric  pressure  we  should  meet  Avith  very  mucli 
more  trouble  than  is  found  in  the  gas-engine. 


*  Editor. — The  Author  omitted  this  from  his  paper  in  revising  it. 
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There  is,  tlnis,  in  oas-oiio-ines,  a  very  great  range  of  fluid- 
pressure  during  each  stroke,  and  a  corresponding  need  for  allow- 
ance for  it  in  designing  them.  This  allowance,  in  Mr.  Morgan's 
l^hni,  has  been  accomplished  by  ])r()viding  a  very  much  increased 
weight  of  reciprocating  parts,  to  take  up,  by  its  inertia,  this 
excessive  initial  pressure.  In  addition  to  those  parts  present 
in  the  ordinary  gas-engine:  the  piston  and  the  primary,  single- 
acting  cunnecting-rod,  there  enters  into  this  design  the  beam 
and  the  secondary,  double-acting  connecting-rod.  In  the  first 
place,  there  are  two  pistons  and  primary  rods,  whereas  the  most 


Fig.  82. 

common  design  of  gas-engine  has  only  one  of  each.  Secondly, 
the  beam  itscdf  is  quite  a  heavy  piece  of  metal;  but  its  moment 
of  inertia  is  not  so  strikingly  great  as  might  a])pear  at  first  sight 
to  be  the  case;  its  radius  of  gyration  is  so  small.  Thirdly,  the 
main  connecting-rod  does  present  a  good  deal  of  inertia,  but  no 
more  so  than  any  other  connecting-rod  for  carrying  the  same 
amount  of  power.  Vou  will  note  the  parts  on  this  diagram  Fig.  77. 
Thr-  forces  at  work  npon  the  different  pins  in  the  engine  have 
Ix-en  can-fully  worked  out,  and  1  cnri  show  you,  from  tlie  results 
of  thi.s  work,  the  uses  of  these  inertia-forces  for  modifying  the 
effective  forces  at  Avork  upon  the  crank-pin.     They  are  displayed 
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in  Fig.  82.  At  AB  voii  see  represented  the  center-lines  of  motion 
of  the  two  pistons.  AB  {'&  the  axis  of  one  cylinder;  CD  is  the  axis 
of  the  other.  EF  is  the  arc  of  motion  for  the  first  wrist-pin,  and 
GH  is  the  other.  From  an  initial  projected  indicator  card — which, 
I  might  say,  was  made  the  worst  possible  for  the  ends  desired, 
with  a  j^erfectly  vertical  explosion-line  rising  to  a  peak  some 
50  pounds  per  square  inch  higher  than  would  usually  or  properly 
occur — was  calculated  the  effect  of  the  combined  forces  upon 
the  different  pins.  You  will  notice  that  there  is  no  reversal 
of  the  forces  except  at  dead  centers,  and  that  the  forces  are 
very  much  more  constant  on  the  crank-pin  than  they  are  in  the 
original  fluid-action  upon  the  pistons. 

The  forces  acting  upon  the  main  wrist-pin  are  shown  by  the 
curves  KL.  There  is  a  very  heavy  initial  force  at  tlie  beginning 
of  each  stroke,  but  the  peak  shown  there  is  more  or  less  hypothet- 
ical in  character  and  is  much  exaggerated  over  actual  probability. 
During  the  rest  of  the  stroke  the  pressure  upon  the  pin,  going  in 
either  direction,  is  fairly  constant. 

The  diagram  at  the  right  shows  the  final  net  resultant 
forces  at  work  upon  the  crank-pin,  at  each  ten-degree  divi- 
sion of  its  revolution,  including  fluid-pressure,  inertia  of 
all  parts  and  the  weight  of  the  main  connecting-rod. 
Those  forces  coming  to  the  pin  along  the  connecting-rod  are 
shown  by  arrows  in  the  direction  of  its  axis.  Compounded  with 
them  are  the  axial  and  vectoral  inertia  and  the  weight  of  the 
connecting-rod,  to  give  the  final  resultant.  In  the  diagram  in 
the  right  hand  upper  corner  are  displayed  the  tangential  effects 
of  these  same  net  resultants.  In  order  to  avoid  confusion  of 
lines  their  magnitude  is  displayed  by  radial  arrows  extending  from 
the  circumference  outwardly;  but  their  true  direction  is  tangential, 
at  the  point  whence  the  arrow  rises. 

I  think  that  it  has  been  urged  that  engines  of  an  explosive 
type  having  heavy  reciprocating  parts  cannot  be  run  at  high 
piston-speeds.  This  engine  has  a  piston-speed  of  810  feet  per 
minute;  but  to  show  what  it  would  do  at  even  higher  piston- 
speeds  I  have  had  projected  here  by  Mr.  Gilford  a  diagram 
showing  the  effective  forces  upon  the  crank-pin  under  a  piston- 
speed  of  1,000  feet  per  minute  (exhibiting  Fig.  83).  This  peak 
at  the  beginning  of  the  stroke  is,  as  before,  due  to  more  or  less 
hypothetical  conditions  of  operation.  At  this  point  in  the 
stroke  the  pressure    upon    the    crank-pin    becomes  almost  zero. 
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This  drop  in  pressure  at  this  point  might  have  been  avoided  by 
a  nioditieation  in  the  design  had  it  been  one  of  the  objects  in 
view  to  attain  a  high  piston-speed.  Those  ordinates  are  marked 
off  at  10,000-pound  intervals.  This  diagram  has  been  gotten  up 
to  show  that  an  engine  of  this  type,  mth  a  very  heavy  triangular 
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beam  and  three  connecting-rods,  can  bo  operated  at  a  piston- 
speed  at  high  as  1,000  feet  per  minute  without  any  reversal  of 
the  forces  acting  upon  the  crank-pin,  except  at  or  near  dead-center. 
Mr.  B.  IL  Tkwaite. — I  had  no  idea  that  I  should  be  called  into 
a  discussion  on  the  subject  of  high  power  gas  engines  at  this 
meeting.  It  has  been  impossible  for  me  to  read  the  paper  that 
has  been  presented  to  you  with  the  care  it  deserves;  and,  as  I 
have  promised  your  President  that  I  would  prepare  a  paper  for 
your  Society  at  your  next  meeting,  I  think  you  will  perhaps 
appreciate  what  I  have  to  say  upon  the  subject  of  gas  engines 
better  if  you  wait  until  that  time.  Professor  Reeve  has  already 
answered  one  of  the  main  mistakes  in  this  paper,  namely,  the 
impression  that  the  gas  engine  is  an  explosive  engine.  It  is 
nothing  of  the  sort.  In  the  early  days  of  the  free  piston  tliat 
.statement  miglit  jxjssibly  have;  been  correct.  Now  wo  obtain  with 
ga.H  of  100  to  120  I>.  'I',  r.  a  card  whicih  is  quite  different,  and  one 
that  produces  a  more  i^atisfactory  crank-turning  effect.    Instead  of 
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driving,  direct  on  to  tlie  dead  centre,  I  catch  the  maximum  im- 
pulse about  20  degrees  above  the  neutral  line,  giving  remarkably 
good  thermodynamic  and  uniform  rotative  results.  The  first 
card  of  the  free  piston  engine  using  gas  of  TOO  to  800  B.  T.  U., 
and  no  compression  or  dilution,  does  give  the  impression  of  an 
explosive  engine,  but  now  the  modern  gas  engine  is  an  essentially 
slow  combustion  one. 

I  notice  that  Mr.  Campbell  makes  a  suggestion,  in  the  foot- 
note of  the  first  page  of  Mr.  Morgan's  paper,  that  ''  it  is  possible 
that  exhaust  gases  from  the  gas  engine  can  be  profitably  em- 
ployed to  heat  the  blast  in  the  stoves  of  the  blast  furnace."  I 
think  the  thermal  value  of  the  exhaust  gases  is  so  low  as  not  to 
be  worth  anything.  In  our  engine  it  is  not  much  above  450 
degrees  Fahrenheit,  and  if  you  divide  that  temperature  by  half 
you  will  see  that  for  all  practical  purposes  it  will  be  of  no  use 
for  hot  blast  stoves  of  blast  furnaces. 

Mr.  Morgan  drew  attention  to  the  fact  that  Mr.  Campbell 
says  that  the  blast  furnace  gas  is  a  primary  producer  of  iron 
and  also  a  gigantic  gas  producer.  That  is  true.  But  the  ordi- 
nary producer  gives  a  gas  of  a  thermal  value  of  150  to  200 
degrees,  whereas  blast  furnace  gas  has  a  thermal  value  of  no 
more  than  120  British  thermal  units,  and  sometimes  as  low  as 
80  B.  T.  U.,  a  vast  difference:  indeed  you  must  highly  compress 
it  to  find  its  thermodynamic  value.  All  you  have  to  do  is  to 
compress  it  enough  and  then  you  will  fire  it  with  absolute  or 
mechanical  certainty. 

I  notice  also  that  Mr.  Morgan  speaks  about  the  difficulty  of 
using  blast  furnace  because  of  the  dust  it  contains^  Avhich  he 
truly  says  has  been  the  bete  noir  of  the  gas  engineer.  Some 
nine  years  ago  I  killed  this  black  beast  and  I  have  never  had 
any  trouble  ^vith  it  since.  In  every  instance  of  the  proper 
application  of  my  system  it  has  been  a  decided  and  continuous 
success. 

As  to  the  centrifugal  system  referred  to  by  Mr.  Morgan, 
that  is  and  has  ahvays  been  more  or  less  associated  mth  my 
plant.  Other  people  are  simply  trying  to  do  vdth.  the  fan,  and 
some  modification  of  my  system,  but  if  you  do  it  that  way  you 
will  not  only  decrease  the  thermal  results  appreciably,  but  you 
will  have  it  to  seriously  increase  the  depreciation  per  cent. 
The  Cockerill  engine,  which  is  being  constructed  now  by  the 
West  Yorkshire  Iron  Company,  England,  is  being  equipped  Avith 
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inv  svstoni  for  troatiiig  and  purifvino-  the  blast  furnace  gases.  I 
would  ask  Professor  Ein^'e  if  vre  are  to  understand  that  this 
design  has  ever  bcuui  earricnl  out  practically,  or  is  it  merely  an 
academic  design^ 

Mr.   I! cere. — It  is  already  in  construction. 

Mr.  T/uruife. — 1  am  not  going  to  criticize  this  design  severely, 
because  I  always  look  with  sympathy  upon  a  new  mechanical 
developnuMit — and  I  hope  this  one  ^vill  have  a  thorough  trial;  I 
notice  that  Professor  Peeve  has  already  answered  one  point 
which  occurred  to  me  as  a  difficulty,  and  that  is  the  question  of 
the  piston  speed.  When  I  saw  this  design  I  certainly  thought 
he  would  have  some  difficulty  in  getting  the  ideal  piston  speed 
to  secure  tlie  best  thermal  results.  There  is  a  certain  piston 
speed,  i.e.,  800  to  900  feet  per  minute,  which  enables  you  to  get 
the  best  thermal  results  out  of  the  gas  engine;  and  if  Professor 
Peeve  tells  me  that  you  can  get  the  speed,  why,  then  you  will 
get  a  good  thermal  effect. 

Then  I  notice  that  he  has  in  tlie  design  a  vertical  blowing 
cylinder.  T  have  had  a  vertical  blowing  cylinder  for  my  quarter 
crank  l)h)wing  engine  all  the  time,  and  this  gas  engine  of  mine 
works  a(hnirably  and  has  given  the  greatest  possible  satisfaction. 
I  work  it  at  a  speed  of  120  revolutions,  and  I  get  a  remarkably 
steady  air  pressure  all  the  time.  There  is  no  more  variation 
than  one-eighth  of  an  inch  of  the  mercury  gauge,  and  the  engine 
works  constantly  night  and  day  and  for  thirty-six  days  without 
a  stop. 

The  final  part  of  ^Fr.  Morgan's  paper,  wdiich  commenced  with 
a  great  (h'al  of  interesting  philosophy — and  that  reminds  me 
that  you  have  in  this  meeting  gentlemen  w^ho  are  really  philos- 
ophers and  who  are  really  very  witty,  for  yesterday  you  had 
scientific  reasoning  gilded  with  humor,  especially  in  the  paper 
presented  by  ^fr.  Parth.  Finally,  I  find  in  Mr.  Morgan's 
paper  this  statement:  "If  tlie  wastes  of  the  old  genera- 
tion are  the  profits  of  tlic  new  then  hirge  dividends  are  Avaiting 
iif<  in  the  srpiandering  of  the  past."  I  quite  agree  with  that 
.«tat^nient.  I  belif^ve,  gentlemen,  that  it  is  your  duty  as  en- 
gineers to  give  srjme  attention  to  this  question  of  the  internal 
combustion  engine.  I  know  you  will  be  able  to  improve  upon 
it,  and  you  have  here  a  subject  that  is  deserving  of  your  most 
Rcrions  atfontion;  it  is  a  tree  of  knowledge  that  deserves  your 
care,  and  I  believe  you  will  eventually  reap  satisfactory  fruil 
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from  it.  ]\rr.  j\foro'aii  also  speaks  of  the  fearful  ])ower  wastes 
of  blast  and  coke  furnaces.  You  must  bear  in  mind  that  at 
present  you  cannot  continue  operations  when  the  demand  falls 
for  pig  iron,  but  with  the  new  source  of  profit  from  the  sale  or 
use  of  power  the  blast  furnaces  may  be  kept  in  operation,  which 
under  the  present  conditions  would  be  blown  out.  Certainly 
blast  furnace  gas  is  absolutely  ideal  for  generating  power  by 
direct  combustion,  and  is  the  best  potential  power  next  to  water- 
falls in  existence. 

Gentlemen,  I  thank  you  for  your  kind  attention. 

Mr.  II.  II.  Suplee. — I  desire  to  call  attention  to  what  appears 
to  be  an  error  in  the  paper  regarding  the  action  of  the  old 
explosive  gas  engine.  ^Ir.  Campbell  described  the  gas  engine 
as  a  gun  whose  projectile  was  connected  to  a  crank  shaft,  but 
that  statement  is  not  quite  correct  if  he  was  referring,  as  I  sup- 
pose, to  the  old  Otto  (t  Langen  engine.  In  that  engine,  the 
nnmediate  predecessor  of  the  modern  four-cycle  engine,  the 
piston  was  not  positively  connected  to  the  crank-shaft,  the  design 
being  what  is  termed  a  "  free  piston  "  engine,  the  piston  rod 
being  a  rack  gearing  into  a  pinion  on  the  crank  shaft  and  con- 
nected to  it  by  a  ratchet  and  pawl.  The  piston  was  undoubtedly 
a  projectile,  but  when  it  was  shot  upwards  it  was  not  connected 
to  the  shaft,  the  power  stroke  being  made  by  the  down^\ard 
stroke  of  the  piston,  this  stroke  being  due  to  the  atmospheric 
pressure  on  top  of  the  piston,  a  vacuum  being  formed  under- 
neath after  the  explosion. 

21  )\  Thwaite. — I  was  only  referring  to  the  exj)losion  on  the 
piston.     That  is  what  I  had  reference  to. 

J/r.  ^Y.  II.  Morse. — I  am  interested  in  this  discussion  because 
it  seems  to  advocate  the  vertical  as  against  the  horizontal 
cylinder.  As  a  matter  of  history,  I  think  the  AVestinghouse 
Company  some  two  or  three  years  ago  developed  a  vertical 
engine  of  comparatively  high  power.  If  any  AVestinghouse  men 
are  present  I  should  like  to  inquire  why  it  is  that  of  late  in  a 
number  of  papers  we  see  illustrations  of  a  1,500  horse-power 
double  acting  tandem  engine  with  horizontal  rather  than  vertical 
cylinders. 

21  r.  E.  A.  U elding. — There  is  no  question  before  The  ]\Ieclian- 
ical  Engineers  and  the  iron  manufacturers  of  this  country  of 
greater  importance  than  that  of  the  utilization  of  blast  furnaces 
gas  in  internal  combustion  engines.     Some  time  ago  I  took  the 
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pains  to  (lotcM-iiiinc  as  nearly  as  might  bo,  the  power  that  is 
now  wasted  in  the  mauufaeture  of  iron.  The  method  of  pro- 
cedure and  resuhs  ohtaincHl  were  ])nl)lish(Hl  in  the  Stevens  In- 
stitute Indicator  in  a  paper  caUed  "  The  Bhist  Furnace  as  a  Power 
Phint."  Takinii"  as  near  as  possible  the  average  practice  of  tliis 
count rv  and  tlie  output  of  pig  iron  of  1902  as  the  basis  of  cal- 
cuhition,  I  found  that  there  are  in  excess  of  one  and  three- 
quarters  millions  of  horse  power  going  to  waste  in  the  manu- 
facture of  pig  iron  in  the  United  States.  Since  then  1  have  had 
tlie  opportunity  of  investigating  the  gases  of  several  plants,  and 
I  lind  that  my  ligures  are  too  low.  In  my  calculations  I  found 
tliat  there  were,  over  and  above  the  power  requirements  of  the 
blast  furnaces  themselves,  and  allowing  sufficient  gas  for  heating 
of  the  blast,  840  horse  power  per  ton  of  iron  produced  per  hour, 
available  for  outside  purposes.  In  one  plant,  for  instance,  that 
I  investigated  where  they  operate  four  blast  furnaces  and  a  large 
steel  works,  if  all  the  gas  available,  after  deducting  what  is 
necessary  to  heat  the  blast,  were  utilized  direct  in  efficient  gas 
engines,  there  would  remain  over  and  above  the  20,000  horse 
power  about  18,000  horse  power  for  sale.  The  available  sur- 
plus power  will  differ  at  different  plants  because  it  depends  on 
the  class  of  iron  made,  the  kind  of  fuel  used  and  the  character 
of  ore  smelted;  but  it  is  in  no  case  less  than  800  horse  power 
per  ton  of  iron  manufactured  per  hour. 

There  seems  to  have  been,  especially  in  this  country,  great 
hesitancy  in  receiving  this  idea  of  utilizing  blast  furnace  gas 
direct  in  gas  engines,  and  on  the  first  casual  glance  it  would  seem 
as  thouirh  there  could  not  be  much  in  it,  because  it  is  a  very  lean 
gas,  having  only  less  than  ^  the  calorific  power  of  water  gear; 
but,  as  !Mr.  Thwaite  has  just  stated,  it  is  none  the  less  an  ideal 
ga.s  for  internal  combustion  engines,  and  when  you  come  to 
figure  it  through  to  the  explosive  mixture  it  is  not  a  lean  gas, 
I.P.,  the  heat  effect  does  not  differ  so  much  in  the  explosive  mix- 
ture in  the  engine  as  might  be  expected  from  the  difference  in 
calorific  power.  For  instance,  take  an  illuminating  gas  of  a 
heat  value  of  704  Britisli  tliei-iual  units  per  cubic  foot,  when 
mixed  with  the  theoretical  aii-  rccpiired  for  complete  combustion 
it  lias  only  101.8  heat  units  per  cid>ic  foot.  An  average  blast 
furnace  gas  with  only  87.5  liritish  thc^rmal  units  per  cubic  foot 
makes  a  theoretical  mixture  of  08.0  heat  units  per  cubic  foot. 
Thus  we  see  that  wliile  the  illuminating  gas  has  nearly  9  times 
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the  calorific  power  of  tlie  blast  furnace  gas,  wlien  mixed  with 
sutticient  air  for  complete  combustion  it  has  less  than  1.5  the 
heat  value  of  a  similar  mixture  of  the  latter.  Adding  the  neces- 
sary excess  of  air  brings  them  still  closer  together.  Illuminat- 
ing gas  requires  nearly  10  times  the  air  necessary  for  blast  fur- 
nace gas;  besides,  the  elements  in  illuminating  gas  do  not  lend 
themselves  to  high  compression,  because  you  are  liable  to  get 
premature  explosions;  whereas  the  elements  in  blast  furnace  gas 
not  only  lend  themselves,  but  it  is  a  necessity  that  they  should 
be  highly  compressed  in  order  to  make  the  explosion  a  certainty; 
this  is  largely  due  to  the  high  percentage  of  COg,  which  is  a 
great  retarder  of  combustion. 

Jfr.  F.  B.  Jones. — I  wish  a  little  more  information;  I  wish 
we  might  know  where  this  horse  power  is  from — Avhether  it  is 
the  heating  power  of  the  gas  or  the  great  power  of  the  engine? 

Mr.  Uehling. — This  rating  is  done  by  taking  the  heat  units  of 
the  gas,  determined  by  calorimeter  and  checked  by  analysis,  and 
assuming  an  efficiency  of  twenty-five  per  cent,  in  the  engine. 
Much  better  has  been  done  than  that.  I  believe  it  has  been 
done  up  to  thirty-two,  and  I  think  some  tests  have  been  made 
where  thirty-five  has  been  realized,  but  I  have  taken  twenty-five 
per  cent,  as  a  basis,  wdiich  I  think  is  in  every  way  conservative. 
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TESTS   OF  A    COMPOUND  ENGINE    USING   SUPER- 

~  HEATED   STEAM, 

BY    I'UOF.    1).    S.    JACOBXTS,    HOBOKEK,    N.    J. 

(Member  of  the  Society.) 

1.  The  engine  on  which  the  tests  were  made  was  located  at 
the  ^Millbourne  Mills  in  Philadelphia.  It  is  of  the  Rice  and 
Sargent  horizontal,  cross-compound  condensing  type  especially 
designed  for  using  highly  superheated  steam.  A  Schmidt  super- 
heater is  used  for  superheating  the  steam. 

2.  The  tests  were  made  to  determine  whether  certain  guar- 
antees were  fulfilled  which  were  made  by  the  builders — the 
Providence  Engineering  Works.  The  work  was  done  conjointly 
by  Mr.  A.  C.  Wood  and  the  writer,  Mr.  Wood  representing  the 
purchasers  of  the  engine,  and  the  w^riter  the  manufacturers.  Mr. 
A.  S.  Vogt,  Mechanical  Engineer  of  the  Pennsylvania  R.  R. 
Co.,  at  Altoona,  detailed  two  experienced  men  from  his  testing 
department  to  assist  Mr.  Wood,  and  with  other  observers  and 
computers,  furnished  by  Mr.  Wood,  and  the  staff  of  the  writer, 
it  was  j)ossible  to  check  all  important  data  by  securing  duplicate 
records.  The  writer  wishes  to  state  that  he  is  greatly  indebted 
to  Mr.  Wood  for  his  valuable  services  and  for  his  heartv  co- 
operation  in  the  work. 

3.  The  high  pressure  cylinder  of  the  engine  was  furnished 
with  double  beat  poppet  valves  and  the  low  pressure  cylinder  with 
Corliss  valves.  The  inlet  and  exhaust  valves  of  each  cylinder 
wore  operated  by  separate  eccentrics.  The  inlet  valves  were 
closed  by  vacuum  dash  pots  and  the  exhaust  by  a  positive  motion. 
A  portion  of  the  highly  superheated  steam  furnished  to  the  en- 
gine passed  through  a  coil  in  the  receiver  between  the  high  and 
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the  low  pressure  cylinders.  There  was  a  by-pass  valve  operated  by 
the  governor  wdiich  regulated  the  amount  of  steam  passing 
through  the  coil,  a  greater  amount  being  made  to  pass  through 
when  the  engine  was  heavily  loaded  than  when  it  was  lightly 
loaded.  There  were  no  steam  jackets.  The  exhaust  steam  passed 
from  the  engine  to  a  Worthington  jet  condenser  connected  with 
a  Worthington  vacuum  jnimp. 

4.  The  steam  used  by  the  engine  was  furnished  by  an  Edge 
Moor  w^ater  tube  boiler.  From  the  boiler  it  passed  to  the  top  of 
the  Schmidt  superheater  which  was  set  up  at  the  side  of  the 
boiler.  The  saturated  steam  entering  the  superheater  came  in 
contact  with  the  coldest  gases  as  they  left  the  superheater.  From 
the  upper  coils  the  steam  passed  downward  through  a  pipe  out- 
side of  the  superheater  to  the  bottom  of  the  lowermost  set  of  coils 
of  the  superheater  and  thus,  when  only  partly  heated,  was  made 
to  pass  through  the  coils  which  were  nearest  the  fire.  This  pre- 
vented the  overheating  of  the  lowermost  coils  of  the  superheater, 
which  would  have  taken  place  had  the  steam  been  made  to  pass 
downward  all  the  way  through  the  superheater  so  as  to  bring 
the  hottest  steam  near  the  fire.  From  the  lowermost  set  of  coils 
the  steam  passed  upward  and  back  and  forth  through  the  coils 
until  it  was  finally  led  off  from  a  header  directly  below  the  top 
set  of  coils  and  conveyed  to  the  engine.  Steam  to  drive  the 
vacunm  pump  and  for  other  purposes  in  the  mill  was  furnished 
by  a  separate  boiler. 

5.  The  principal  dimensions  of  the  engine,  measured  w^hen 
hot,  were : 

Bore  of  Cylinders 1G.07  and  28.03  iiicbes. 

Lengtli  of  Stroke  ...    42  inches. 

Diameter  of  Piston  rods 3.00  and  3.50  inches. 

6.  The  average  clearance  volumes  computed  from  measure- 
ments made  on  the  enoine  and  from  the  workins:  drawinsrs  were 
4.1  per  cent,  for  the  high  pressure  cylinder,  and  5.8  per  cent,  for 
the  low  pressure  cylinder. 

7.  After  the  tests  ^\dth  superheated  steam  were  completed  a 
test  was  made  with  saturated  steam.  The  writer  was  not  present 
at  this  test  but  was  represented  by  his  associate.  Prof.  F.  L.  Pryor. 

8.  The  principal  results  of  the  tests  are  given  in  detail  in  Table 
I.  From  this  it  may  be  seen  that  the  water  consumption  per  hour 
per  indicated    horse-power    with    superheated    steam  was   9.76 
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Pressure  at  Throttle 


Superheating: 
1S7°  Fahrenheit 


Test  No.  U    May  27,  1903. 

Superheated  Steam. 
Horse  Power  474.5 

Water  per  Hour  per  Horse  Power  9.76  lbs. 

Superheating  at  the  Throttle  352.5°Fahr. 

Superheating  entering  High  Pressure  Cylinder  273.2°Fahr. 
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.3" 


4jl«^  Condensation 
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Am.Bank  XoU  Co-.A'.K 


Fig.  85. 


pounds  at  474.5  liorse-power,  9.56  pounds  at  420.4  horse-power, 
and  9.70  pounds  at  276.8  horse-power.  The  pressure  of  the 
steam  at  the  engine  throttle  was  slightly  over  140  pounds  per 
square  inch,  and  the  superheating  at  the  engine  throttle  from 
about  350  degrees  to  400  degrees  Fahr.  The  vacuum  measured 
near  the  engine  ranged  from  about  25  to  26  inches  of  mercury. 
The  heat  consumption  per  minute  per  indicated  horse-power, 
according  to  the  standard  recommended  by  the  Civil  Engineers 
of  London,  where  the  engine  is  charged  with  the  heat  in  the 
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sti'iiiii  at  tho  throttle^  \'a\\v  and  is  credited  with  returnino-  the 
i\'ed  water  to  the  hoihM"  at  the  niaximuni  possible  teniperatnrc 
that  eouKl  he  ohtaiiunl  hy  a  feed  water  heater  in  the  exhaust 
pipe,  was  iH).").!)  J^ritish  rhermal  Units  at  474.5  liorse-power, 
1*03.7  Hritish  Thermal  Units  at  420.4  liorsc-power,  and  208.8 
British  Thermal  Units  at  270.8  horse-power. 

0.  With  saturated  steam  the  water  consumption  was  13.84 
I)ounds  per  hour  }>er  horse-power  at  406.7  horse-power,  and  the 
heat  consumption  248.2  British  Thermal  Units  per  minute  per 
indicated  horse-power.  In  obtaining  this  figure  the  steam  con- 
densed through  radiation  of  the  steam  pipe  leading  from  the 
boilers  to  the  engine  has  been  deducted  in  order  to  make  the 
figures  for  the  heat  and  coal  consumption  strictly  comparable 
with  those  given  for  the  superheated  steam,  which  are  based  on 
the  temperature  of  the  superheated  steam  at  the  engine  throttle 
valve.  In  this  test  the  vacuum  w^as  poorer  than  in  any  of  the 
others,  being  24.5  inches.  It  must  also  be  borne  in  mind  that 
the  engine  was  built  for  superheated  steam,  and  the  cylinder 
ratio  was  not  what  the  makers  would  use  for  saturated  steam. 
In  computing  the  heat  consumption  for  this  test  an  allowance  is 
made  for  the  drip  from  the  high  pressure  steam  main  at  the  coil 
in  the  receiver.  This  drip  amounted  to  280  pounds  per  hour  over 
what  could  be  accounted  for  by  the  radiation  of  the  steam  main 
from  the  boiler  to  the  engine.  This  amount  of  the  high  pressure 
steam  was,  therefore,  condensed  in  the  receiver  coil,  and  imparted 
heat  to  the  receiver. 

10.  Tests  were  made  to  determine  the  economy  of  the  boiler 
and  of  the  superheater.  The  coal  used  was  run  of  mine,  Georges 
Creek,  Cumberland.  The  equivalent  evaporation  from  and  at 
212  degrees  Fahr.  per  pound  of  dry  coal  for  the  boiler  alone 
was  10.30  pounds,  for  the  superheater  it  was  8.97  pounds,  and 
for  the  boiler  and  superheater  combined  it  was  10.07  pounds. 
The  heat  of  combustion  of  the  coal  determined  by  means  of  a 
Mahler  bomb  calorimeter  was  14,060  British  Thermal  Units  per 
j>ound.  The  efficiency  of  the  boiler  based  on  the  heat  of  the  coal 
was  70.7  per  cent.,  of  the  superheater  61.6  per  cent.,  and  of  the 
combined  l)oih*r  and  superheater  69.2  per  cent.  In  computing 
the  efficiency  of  the  superheater  the  specific  heat  of  the  super- 
heated steam  was  taken  at  the  value  found  by  Begnault  for' 
atniosplieric  pressure  or  .48.  At  higher  pressures  this  valne  is 
prrdjably  too  low.     On  the  other  hand  the  amount  of  superheat- 
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ing  given  bj  the  mercury  thermometers  used  in  the  tests  is 
greater  than  that  which  would  have  been  given  by  an  air  ther- 
mometer, and  this  introduces  an  error  in  the  opposite  direction 
from  that  which  probably  exists  through  taking  the  specific  heat 
of  the  steam  at  .48  and  the  one  error  therefore,  tends  to  counter- 
balance the  other. 

11.  The  coal  consumption  may  be  obtained  directly  from  the 
heat  consumption  of  the  engine  already  given  by  multiplying  by 
GO  and  dividing  by  9,725  for  the  superheated  steam  tests,  and  by 
9,947  for  the  test  with  saturated  steam,  9,725  being  the  heat  im- 
parted to  the  boiler  and  the  superheater  in  British  Thermal  Units 
per  pound  of  coal  burned  in  the  tests  with  superheated  steam  and 
9,947  that  imparted  to  the  boiler  in  the  test  with  saturated  steam. 
When  computed  in  tliis-way  any  loss  of  heat  by  radiation  in  the 
pipe  leading  from  the  boiler  to  the  engine  is  eliminated,  which  is 
a  necessary  condition  in  the  present  case  as  the  pipe  is  exception- 
ally long.  On  this  basis  the  coal  consumption  per  hour  per  indi- 
cated horse-power  for  superheated  steam  was  1.265  pounds  at 
474.5  horse-power,  1.257  pounds  at  420.4  horse-power,  and  1.288 
pounds  at  276.8  horse-power.  For  the  test  with  saturated  steam 
the  coal  consumption  was  1.497  pounds  per  hour  at  406.7  horse- 
power. In  the  figures  just  given  for  the  coal  consumption  the 
coal  used  to  drive  the  independent  vacuum  pump  is  not  included. 
The  figures,  therefore,  represent  what  would  have  been  obtained 
per  indicated  horse-power  if  the  vacuum  pump  had  been  driven 
from  the  main  engine. 

12.  The  coal  consumption  forms  a  more  accurate  basis  for 
comparing  the  efficiencies  of  engines  using  saturated  and  super- 
heated steam  than  the  heat  consumption,  because  when  the  coal 
consumption  is  obtained  it  allows  for  any  difference  in  the  econ- 
omy of  the  combined  boiler  and  superheater  from  that  of  an 
ordinary  boiler.  Furthermore,  the  results  obtained  for  the  coal 
consumption  are  practically  independent  of  the  value  employed 
for  the  specific  heat  of  the  steam  which  is  not  the  case  with  the 
heat  consumption.  For  example,  if  the  specific  heat  was  taken 
at  .6  instead  of  .48  in  computing  the  results  which  have  been 
given  it  would  cause  a  diff^erence  in  the  coal  consumption  of  less 
than  onedialf  of  one  per  cent.,  whereas  it  would  cause  a  differ- 
ence in  the  heat  consumption  of  about  3^  per  cent. 

13.  In  the  test  with  saturated  steam  the  coal  consumption  was 
about  19  per  cent,  greater  than  that  obtained  at  the  same  power 
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Pressure  at  Throttle 


Superheating 
154°  Fahrenheit- 


Test  No.  2.    June  1%  1903. 
Superheated  Steam. 

Horse  Power  420.4 

Water  per  Hour  per  Horse  Power  9.56  lbs. 

Superheating  at  the  Throttle  374.5°Fahr. 

Superheating  entering  High  Pressui'e  Cylinder  296.8°Fahr. 
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Fig.  87. 


Avitli  superheated  steam.  This  does  not  form  a  proper  basis  of 
comparison,  however,  for  tlie  two  reasons  already  stated,  which 
are  that  the  engine  was  not  built  for  saturated  steam  and  that 
the  vacuum  in  the  test  was  not  as  high  as  it  should  have  been. 
i\n  engine  of  the  same  general  type  built  for  saturated  steam, 
but  of  about  twice  the  power,  was  tested  by  the  writer  at  the 
Brooklyn  plant  of  the  American  Sugar  Refining  Company  and 
the  results  were  embodied  in  a  paper  presented  by  him  at  the  Sara- 
toga meeting.     The  most  economical  heat  consumption  obtained 


'2r2     TESTS   OF    A   CO.MrOlXD   ENGINE   USING   SUPEIUIEATED   STEAM. 

Test  No.  3,    July  J  7,  J  903. 
Superheated  Steam. 


IIoi-so  Power  276.8 

Steam  Pressure  at  Engine  145.6 

Suporhoatini:  at  Throttle  Deg.F.  393.3 

Vacuum  at  Eugiue  26.32 


H.  P.  —  n.  E. 

78.8  lb.  Spring 


1-140 


-100 


-  GO 


20 


Aluiosplieric 


140n 


100 


00- 


20- 
AtmospLeric 


11.  P.  —  C,  E. 

78.2  lb.  Spring 


Atmospheric 


10-" 


L.  P.  —  H.  E. 

10.71b.  Spring 


L.  P.  —  C.  E. 
10.971b.  Spring 


Jme(*tu,  V.8. 


HO 


Am. Bank  NoU  Co.,N.  T. 


Fifi.  88. 


TESTS   OF    A   COMPOUND   ENGINE    USING   SUPERHEATED   STEAM.     273 


Pressure  at  Throttle 


Superheating 
10T°  Fahrenheit 


Test  No.  3.    July  J7,  1903* 

Superheated  Steam* 

Horse  Power  276.8 

Water  per  Tlour  per  Horse  Power  9.70  lbs. 

Superheating  at  the  Throttle  393.3°Fahr. 

Superheating  entering  High  Pressui-e  Cylinder  308.5°Fahr. 


6.1%  Condensation 


Superheating 
a3°  Fahrenheit 


--,_     ^2' 


-1-6%  Condensation 


Jacobut,  V.S. 


Am.Bank  SoU  Co.,N.Y. 


Fig.  89. 


was  222.7  British  Thermal  Units  per  minute  per  horse-power. 
The  vacuum  in  this  case  was  exceptionally  high,  being  over  28 
inches.  If  the  vacuum  had  been  about  26  inches,  as  in  the  pres- 
ent tests,  it  is  probable  that  the  heat  consumption  would  have 
been  about  230  British  Thermal  Units  per  minute  per  indicated 
horse-power,  and  the  coal  consumption  on  the  basis  already  given 
1.42  pounds  per  hour  per  horse-power.  As  the  minimum  coal 
consumption  with  the  engine  using  superheated  steam  was  1.257 
pounds  per  hour  per  horse-power  there  is  a  gain  in  favor  of  using 
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Test  No.  4.    July  24,  J903. 
Saturated  Steam* 


Horse  Power  406.7 

Steam  Pressure  at  Engine  145.1 
Saturated  Steam 

Vacuum  at  Engine  24.47 


Atmospheric 


Atmospheric 


11V- 

1      ~^^. 

100- 

\     II.  P.  -  C.  E.  \. 

60- 

\  78^8  lb.  Spring         ^\^^ 

'20- 

L.  P.  -  C.  E. 

19.7  lb.  Spring 


25 
20 
■15 
■10 
5 

-5 
-10 


Atmospheric 


JaeutuM,  O.IL 


Am. Bank  Xote  Co., If.  Y. 


Fig.  00. 
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159.8     Pressure  at  Throttle 


Test  No,  4,    Jtily  24,  J903. 
Saturated  Steam. 

Horse  Power  406.7 

Water  per  Hour  per  Horse  Power    13.84  lbs. 


12.0^ 


Jacolrui.  I>,S. 


Am.Sank  2\ote  Co.,X.l'. 


Fig.  91 


siiperlieated  steam,  of  .163  pounds  per  hour  per  liorse-power,  or 
the  larger  steam  engine  using  saturated  steam  is  about  13  per 
cent,  less  economical  than  the  smaller  one  using  superheated  steam. 

Methods  of  Conducting  the  Tests. 

14.  The  water  was  weighed  in  an  iron  tank  of  about  1,000 
jjounds  capacity  placed  on  a  platform  scale,  and  it  was  then 
emptied  into  a  lower  tank  connected  with  the  suction  pipe  of  a 
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geared  boiler  feed  pump  driven  by  the  main  engine.  All  steam 
and  water  connections,  where  there  was  a  possibility  of  leakage 
occnrrins:,  were  either  broken  or  blanked  off. 

15.  Indicators  of  the  Star  Brass  Manufacturing  Co.,  having 
outside  springs,  were  used  on  the  high  pressure  cylinder.  Tabor 
indicators  of  the  ordinary  pattern  were  used  on  the  low  pressure 
cylinder. 

16.  Mercury  columns  were  used  to  measure  the  vacuum  both 
in  the  exhaust  pipe  near  the  engine  and  near  the  condenser.  x\ 
spring  vacuum  gauge  was  also  used  near  the  condenser  wdiich  w^as 
calibrated  in  order  to  determine  its  correction. 

17.  ^lercury  thermometers  placed  in  thermometer  wells  w^ere 
used  for  determining  tlie  temperatures.  Where  the  temperatures 
were  not  too  high  mercury  was  used  in  the  wells,  but  if  the  mer- 
cury evaix)rated,  melted  solder  was  employed.  In  every  case  the 
error  due  to  exposing  a  portion  of  the  stem  of  the  thermometer 
was  determined  by  noting  the  graduation  to  wdiich  it  was  im- 
mersed and  estimating  the  temperature  of  exposed  part  of  the 
mercury  in  the  stem  by  tying  a  second  thermometer  against  the 
stem. 

18.  Readings  were  taken  at  intervals  of  15  minutes  through- 
out the  tests.  The  water  record  was  balanced  up  at  the  end  of 
each  hour.  The  feed  pump  was  kept  running  uniformly  and 
was  not  stopped  in  balancing  up  the  water.  The  engine  was  run 
for  some  time  before  starting  each  of  the  tests  in  order  that  the 
t.emi)eratures  should  become  practically  constant.  The  steam 
leakages  were  carefully  estimated,  and  in  one  case  a  leakage  test 
was  made  on  the  boiler  and  the  results  confinned  the  amount 
which  was  estimated.  The  steam  leaks  amounted  to  40  pounds 
per  hour  as  a  maximum, 

10.  The  engine  test  of  June  10th  was  run  at  the  same  time  as 
the  tests  of  the  boiler  and  superheater.  Arrangements  w^ere 
made  for  a  continuous  engine  test  of  tw^elve  hours  or  more,  but 
^ix  hours  after  starting  the  engine  test  the  water  rate  suddenly 
increased.  It  was  found  that  a  gasket  at  the  receiver  head  which 
had  been  leaking  slightly  during  the  first  part  of  the  test,  and 
the  leakage  of  which  had  been  estimated  at  three  pounds  per 
hour,  was  leaking  much  more  than  at  first.  It  was  impossible  to 
e.-^timate  the  amount  of  the  increased  leakage,  and  the  engine 
test  was  therefore  discontinued  at  the  end  of  six  liours.  As  the 
leak  did  not  affect  the  tests  of  the  boiler  or  superheater  these 
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tests  were  made  of  14  hours  duration.  The  readings  of  the 
amount  of  feed  water  indicated  uniform  conditions  during  the 
engine  test,  the  average  rate  per  hour  for  the  first  two  hours 
being  4,026  pounds;  for  the  second  two  hours,  4,012  pounds,  and 
for  the  last  two  hours  of  the  test,  4,016  pounds.  This  shows  that 
the  duration  of  the  test  was  ample  for  securing  accurate  results. 
20.  The  mean  effective  pressures  and  indicated  horse-powers 
are  given  in  Table  II.  Table  III  gives  the  average  data  and 
results  of "  the  boiler  test^  Table  IV  those  for  the  superheater 
test  and  Table  V  the  data  used  in  computing  the  supei-heating 
or  the  percentage  of  condensation  existing  in  the  cylinder  at 
various  points  in  the  stroke.  The  average  indicator  cards  and 
the  combined  diagrams  for  each  of  the  tests  are  shown  in  Figs. 
1  to  8  inclusive.  The  amount  of  superheating  or  of  priming 
existing  at  various  points  in  the  expansion  lines  is  marked  on  the 
combined  diagrams.  Zeuner's  formula  for  superheated  steam 
is  used  in  computing  the  amount  of  superheating. 
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TABLE  III. 

Average  Data  and  Results -of  Boiler  Test. 

Made  June  19  and  20,   1903. 

1.  Size  of  grate;  length,  7  feet;  breadth,  9  feet,  6.5  inches;  area, 

square  feet 66 . 8 

2.  Water  heating  surface  in  square  feet 3,332. 

3.  Superheating  surface  in  square  feet 350. 

4.  Ratio  of  total  heating  surface  to  grate  surface 55 . 1 : 1 

5.  Horse-power  of  boiler  as  rated  by  builders 370. 

Total  Quantities. 

6.  Length  of  test,  hours 14 

7.  Weight  of  moist  coal     \  ^°^^^  f^^^^  ^  "  •;  "  Vi  •  •, Va ^'^^^ ' 

burned  during  test,  \  ^^^rrection   due  to  thickness  of  fire    at 


in  pounds. 


end  of  test 158 . 


[  Corrected  weight 7,047 . 

8.  Weight  of  dry  coal  burned  during  test,  in  pounds 6,823 . 

9.  Total  weight  of  water  evaporated  during  test,  in  pounds 58,585. 

10.  Equivalent  weight  of  water  that  would  ha^■e  been  evaporated 

from  and  at  212  degrees  Fahr.,  in  pounds 70,302. 

11.  Weight  of  ashes,  in  pounds 717. 

Average  Quantities. 

12.  Steam  pressure  in  pounds  per  square  inch  above  atmosphere.  .  147.4 

13.  Temperature  of  feed  water  m  degrees  Fahr 66.6 

14.  Temperature  of  flue  gases  in  degrees  Fahr.  \  ;^ctual  reading  ....  569 . 

^                          &                 to                    (  Corrected  rtadnig.  .  o82. 

15.  Temperature  of  boiler  room  in  degrees  Fahr.  ]  -p.  ^!i    V   7^   a 

.nT\         1  ^  •     •     u        f       4-       ^  Li back  connection 0.1 

16.  Draught  m  mches  of  water  -^  ^^.^^  ^j^^  ^^^ ^  ^ 

17.  Percentage  of  moisture  in  coal 3 .  18 

18.  Percentage  of  ash,  based  on  dr}^  coal 10.51 

19.  Barometer,  in  inches  of  mercury 29.82 

Economic  Results. 

20.  Factor  of  evaporation 1 .  200 

/  \ctual  8  31 

21.  Weifjht  of  water  evaporated  per  pound  IV.  '  j"  '  J  Ai  A  *  j 

iTb     1  •     1    J-  •  4-        •  J    •  l'romandat212de- 

of  fuel,  mcludmg  moisture,  m  pounds  ^      ^^^^^  ^^j^^ ^  ^^ 

22.  Weight  of  water  evaporated  per  j  Actual 8 .  59 

pound  of  dry  fuel,  in  pounds     (  From  and  at  212  degrees  Fahr.  10 .  30 

23.  Weight  of  water  evaporated  per  (  Actual 9 .  59 

pound  of  combustible,  in  pounds  (  From  and  at  212  degrees  Fahr.  1 1 .  51 

24.  Weiglit  of  dry  coal  burned  per  hour  per  square  foot  of  grate  sur- 

face, in  pounds 7 .  30 

25.  Calorific  value  of  the  drv  coal  in  British  Thermal  Units  per 

pound ' 14,060. 

26.  Calorific  value  of  the  combustible  in  British  Thermal  Units  per 

pound 15,510 . 

27.  Efficiency  of  boiler  (based  on  the  combustible),  in  per  cent..  .  .  71 .7 

28.  Efficiency  of  boiler  including  the  grate  (based  on  the  dry  coal), 

in  per  cent 70 . 7 

29.  Water  evaporated,  in  pounds  per  square  foot  of  total  heating 

surface  per  hour,  from  and  at  212  degrees  Fahr 1 .36 

30.  Average    horse-power   de^'eloped    based    on    standard    recom- 

mended by  A.  S.  M.  E.,  viz.,  34.5  pounds  of  water  evaporated 

from  and  at  212  degrees  Fahr.,  per  hour 145.7 
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TABLE  IV. 
Average  Data  and  Results  of  Superheater  Test. 

1.  Heatini;  surface  in  square  feet 642. 

2.  Grate  surface  in  square  feet  4 

3.  Duration  of  test  in  hours 14 

4.  Pressure  of  steam  furnished  to  superheater  in  pounds  per 

square  inch  above  the  atmosphere 147.4 

Temperatures  in  Degrees  Fahr.  by  Mercury  Thermometer. 

5.  Steam  entering  the  superheater 365.6 

6.  Steam  leaving  the  superheater 809 . 1 

7.  Amount  steam  was  superheated 443.5 

Total  Quantities. 

8.  Steam  passing  through  the  superheater  in  pounds 58,Q25. 

9.  Heat  imparted  to  the  steam  in  British  Thermal  Units 12,352,000. 

10.  Total  moist  coal  fired,  in  pounds 1,473. 

11.  Total  dry  coal  consumed  in  pounds .  1,426. 

12.  Coal  burned  per  square  foot  of  grate  surface  per  hour  in 

pounds 25 . 5 

13.  Heat  imparted  to  the  steam  in  the  superheater  per  pound 

of  coal  burned,  in  British  Thermal  Units 8,662. 

14.  Equivalent  evaporation  from  and  at  212  degrees  Fahr.  in 

pounds  per  pound  of  dry  coal 8 .97 

15.  Heat  of  combustion  of  the  dry  coal  in  British  Thermal 

Units  per  pound 14,060 . 

16.  Efficiency  of  the  superheater  based  on  the  heat  of  com- 

bustion of  the  coal  in  per  cent 61 .6 

Combined  Economy  of  the  Boiler  and  Superheater. 

17.  Actual  evaporation  of  the  boiler  per  pound  of  dry  coal  in 

pounds 8 .  586 

18.  Coal  burned  in  superheater  in  pounds  per  pound  of  steam 

passing  through  it .02458 

19.  Coal  burned  in  superheater  in  pounds  per  pound  of  coal 

burned  at  boiler.  Item  17  x  Item  18 .211 

20.  Actual  evaporation  of  the  combined  boiler  and  super- 

heater, Item  17  ^  (1  +  Item  19) 7.090 

21.  Factor  of  evaporation  of  the  combined  boiler  and  super- 

lieater 1 .421 

22.  Ex^uivalent  evaporation  in  pounds  per  pound  of  dry  coal, 

from  and  at  212  degrees  Fahr.,  for  the  combined  boiler 

and  .superheater 10 .  07 

23.  Efficiency  of  the  combined  boiler  and  superheater  based 

on  the  heat  of  combustion  of  the  coal,  in  per  cent 69 . 2 
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TABLE    V. 

Data  used  in  Computing  the  Amounts  of  Superheating  at  Various 
Points  in  the  Expansion  Line  of  Indicator  Diagrams.  Average 
for  six  Diagrams. 


Weights  of  Steam  per  Stroke  in  Pounds. 


Date  of  Test 

Passing  through  cyUnders  of  engine 

Retained  in  clearance  space  of  higli  pressure 
cyUnder  

Retained  in  clearance  space  of  low  pressure 
cylinder 

Total  contained  in  high  pressure  cylinder  dur- 
ing expansion 

Total  contained  in  low  pressure  cylinder  dur- 
ing expansion 


Mav  27  June  19 
0.3739    0.3272 

0.0619,  0.0506 

0.0345    0.0319 

0.4358    0.3778 


0.4084 


0.3591 


July  17 
0.2182 

0.0299 

0.0357 

0.2481 

0.2539 


July  24 
0.4362 

0.0693 

0.0489 

0.5055 

0.4851 
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TABLE   \.— Continued. 


Hatk  ok  Tk-«t. 


Mav  JT Superheated. I  H.P 


June  10. 


Julv  i: 


LP. 


HP. 


L.P. 


HP. 


LP. 


July  21 .Saturated.  H.P 


>'5 


4.97 


4.18 


4.16 


4.18 


4.17 


It 

(( 

<( 

(< 

<( 

<( 

It 

<( 

LP. 

4.18 

I     i< 

(1 

<( 

n 

<t 

It 

=  - 


Ba 


<:  s 


120 
110 

90 

70 

50 

29 

23 

18 

14 

10 

120 
110 

90 

70 

50 

37.8 

23 

18 

14 

10 

120 
110 

90 

70 

50 

30 

14 

10 
7 

115 
100 

90 

70 

50 

40 

26 

23 

18 

12 


.09 
.21 
.60 
.20 
14 
03 
42 
99 
61 
,83 


1.47 


59 
88 
30 
00 
71 


1.87 
2.28 
2.75 
3.65 


0.91 
0.96 
1.14 
1.38 
1.83 
2.71 
2.08 
2.72 
3.72 

1 .  33 
1.52 
1.67 
2.10 
2.88 
3.60 
1.77 
2.00 
2.55 
3.80 


3  ^  o 


^  « 

«=?=! 


^'  c  -.2 


H  «  c 


^.5  oj 


4.67 

4.94 

5.81 

7.16 

9.28 

14.88 

17.74 

21.92 

26.46 

35.41 

4.50 

4.88 

5.76 

7.06 

9.20 

11.37 

18.63 

22.71 

27.39 

36.36 

4.25 

4.48 

5.33 

6.45 

8.56 

12.66 

29.16 

38.14 

52.16 

3.05 

3.49 

3.84 

4.82 

6.62 

8.27 

12.99 

14.68 

18.71 

27.89 


^■B 


:  >  o 


528 
497 
460 
419 
354 
292 
249 
225 


495 

487 
454 
408 
348 
294 
282 
247 


448 
420 
393 
344 

298 

242 
195 


O;  fc.,  ^  .-. 
U.'C  ^  33 


187  deg. 

163  '' 

140  " 

116  " 

73  " 

44  " 

14  " 

3  " 

4.1  p.c. 

6.3  " 

154  deg. 

152  '' 

134  " 

105  " 

67  " 

30  '' 

47  " 

25  " 

0.7  p.c. 

3.8  " 

107  deg. 
85  " 
73  " 
41  " 
18  " 
6.1  p.c. 
33  deg. 
2  " 
1 .6  p.c. 

20.0  " 
19.9  " 
19.8  " 
20.8  " 
20.6  " 

19.5  " 
15.8  " 
15.2  " 

14.1  " 

12.6  " 
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DISCUSSION. 

3Ir.  George  I.  Rochwood. — I  have  not  seen  an  advance  copy 
of  this  paper  by  Professor  Jacobus,  so  in  what  I  have  to  say  I 
cannot  attempt  to  speak  with  any  preparation  at  alL  The  fig- 
ures speak  for  themselves,  however,  and  suggest  some  questions. 
For  instance^  in  two  tests — numbered  2  and  4 — one  with  and  the 
other  without  sujDerheat,  the  load  being  substantially  alike  in 
each  case — being  420  horse-power  with  superheat,  and  406  with 
saturated  steam — the  steam  consumption  per  horse-power  per 
hour  is  given  as  0.5  pounds  and  13.8  pounds  respectively.  The 
difference  represents  an  apparent  saving  of  over  30  per  cent,  due 
to  superheating,  which  is  so  much  greater  than  usual  as  to  need 
explanation.  Xow,  as  the  paper  deals  mtli  the  economy  of 
steam  obtained  by  the  use  of  superheaters,  it  may  be  in  order 
to  discuss  other  sides  of  the  general  question  of  the  actual  econ- 
omy of  coal  effected  by  their  use. 

A  factor  which  greatly  affects  their  value  is  the  manner  in 
which  the  regulation  of  the  superheat  is  accomplished.  To  illus- 
trate, I  lately  visited  a  turbine  station  in  Rhode  Island  and  saw 
there  one  of  these  independently -fired  superheaters  at  work,  and 
in  this  case  the  upper  doors  were  just  a  little  open  and  the  ash- 
pit doors  open  too;  this  was  to  prevent  too  hot  a  fire,  as  with 
the  fire  doors  closed  the  temperature  of  tlie  steam  would  be  too 
hot  for  safe  use. 

Another  case  of  the  same  sort  of  temperature  regulation  is 
found  in  the  provision  of  a  hollow  bridge  wall  and  a  register 
on  the  outside  face  of  the  brick  setting,  for  the  purpose  of  cool- 
ing the  gases  as  they  come  from  the  fire.  It  is  obvious  that  such 
means  of  temperature  regulation  involve  a  loss  of  heat  out  of 
proportion  to  any  saving  effected  in  the  engine  or  turbine.  Its 
use  is  permissible  only  in  cases  where  the  steam  exhausted  from 
an  engine  is  to  be  used  in  manufacturing  processes  after  being 
superheated. 

The  most  economical  way,  and,  indeed,  the  only  economical 
way,  to  preserve  the  temperature  of  the  steam  at  a  constant 
point  is  to  keep  the  weight  of  steam  flowing  through  the  super- 
heater proportionally  the  same  as  the  weight  of  coal  burnt  on  the 
superheater  grates.  One  way  I  have  employed  of  getting  around 
the  difficulty  is  to  provide  a  '^  bleeder  ''  pipe  at  the  engine  throttle 
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ami  to  t>poii  it  when  the  load  is  light  or  the  engine  shut  do^vn. 
In  this  case  there  are  o,000  horse-power  of  boilers  and  only  ten 
per  cent,  of  the  steam  is  made  at  a  high  pressure — 200  pounds 
per  square  inch — for  use  in  tho  engine.  The  rest  is  used  at  100 
pcunuls  pressure  in  heating  water  in  a  dye-house.  The  "  bleeder  " 
simjdv  (Hverts  some  of  the  steam  intended  for  use  in  the  engine 
into  the  dye-house  pipes  after  it  has  passed  through  the  super- 
heater. In  any  bleachery  or  dye-house  or  steam-driven  paper 
mill  such  a  method  of  regulation  would  be  effective.  The  thing 
to  be  avoided  is  too  hot  a  fire  under  the  superheater  with  partial 
load,  as  this  results  in  burning  out  the  superheater  tubes  and 
ruining  the  engine  or  turbine. 

Mr.  B.  H.  Bice. — It  may  be  interesting  to  give  some  further 
particulars  of  the  construction  of  this  engine  which  is  utilizing 
very  high  temperatures  of  steam  without  difficulty — in  fact,  with 
no  more  trouble  than  any  of  the  ordinary  saturated  steam  en- 
gines of  the  same  builders. 

The  double  beat  poppet  valves  have  seats  surrounded  by  the 
inlet  steam  in  such  a  way  that  the  expansion  of  the  seat  is  equal 
in  extent  and  effect  to  that  of  the  valve — thus  overcoming  com- 
pletely the  characteristic  defect  of  ordinary  designs  of  their  type 
of  valve,  namely,  excessive  leakage  at  any  temperature  other 
than  the  particular  one  at  which  they  were  originally  ground. 
Tin-  inlet  valves  are  driven  by  the  ordinary  trip  gear  of  the 
builders,  with  vacuum  dashpots,  \nth  the  addition  of  a  simple 
linkage  which  controls  the  closure  of  the  valve  independent  of 
the  extent  of  closing  motion  imparted  by  the  dashpot,  and  thus 
prevents  slamming  or  partial  closure  of  the  valve.  The  exhaust 
valves  are  actuated  by  a  system  of  links  devoid  of  cams,  always 
in  connection  with  the  eccentric  except  when  hand-actuated  at 
starting  or  stopping,  and  which  keeps  the  valve  stationary  during 
the  forward  stroke,  as  is  ne^cessary  when  using  the  poppet  type, 
and  all  joints  are  adjustable  for  wear. 

The  stuffing-boxes  are  on  long  necks  to  take  them  well  away 
from  the  snperheat,  and  the  piston-rod  stuffing-boxes  have 
metallic  packing  provided  with  water  jackets  which,  however, 
have  never  been  nse(l.  The  piston  packing  consists  of  two  simple 
cast-iron  spring   rings   with   joint   plates. 

The  horse  power  cylinder  is  so  designed  that  the  working 
portion  of  its  band  is  a  simple  cylinder  without  ribs,  all  connec- 
tions to  the  cylinder,  such  as  valve  elects,  lagging  bosses,  inlets 
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and  exliaiist  gauges,  etc.,  being  at  the  ends.  The  clearance  of 
the  poppet  valve  cvlinder  has  been  kept  fullj  as  small  as  the 
equivalent  Corliss-valve  cylinder,  in  contrast  with  foreign  prac- 
tice, where  it  is  usually  much  greater. 

The  only  trouble  noticed  \\dth  lubrication  was  a  smoking  due 
to  the  carbonization  of  the  animal  or  vegetable  constituents  of 
the  original  oil  used.  On  notifying  the  oil  makers  of  this  trouble 
they  at  once  produced  an  oil  which  eliminated  all  complaint. 

The  operation  of  the  superheater  has  proved  to  be  simple:  in 
fact  it  is  easier  to  run  than  a  boiler,  since  the  pyrometer  dial  is 
the  only  thing  needing  to  be  watched.  Fire  is  never  built  in  the 
superheater  without  a  flow  of  steam  through  the  coils^  under 
which  conditions  there  is  no  sign  of  deterioration.  The  tem- 
perature is  readily  regulated,  even  when  the  engine  is  shut  dov/n 
for  changes  in  the  mill,  which  happens  once  or  twice  in  21  hours 
in  regular  operation.  If  the  shut-down  is  for  more  than  a  few 
minutes  a  small  flow  of  steam  is  secured  by  cracking  the  throttle 
valve  and  allowing  a  little  steam  to  blow  through  the  engine, 
but  for  short  stoppages  this  is  not  necessary.  The  pipes,  cyl- 
inders and  receiver  are  covered  with  3  inches  of  a  standard 
magnesia  covering  over  pipes  and  flanges. 

Lines  13,  11,  15,  Table  I,  page  6,  of  the  paper  shows  interest- 
ingly the  control  of  the  temperatures  of  steam  entering  the  two 
cylinders  by  the  governor-controlled  valve  of  the  reheater,  test 
Xo.  3,  with  light  load,  showing  an  inlet  temperature  of  672  de- 
grees to  high  pressure  cylinder  and  353  degrees  to  low  pressure 
cylinder,  while  test  Xo.  1,  with  heavy  load,  shows  631  degrees 
to  high,  and  108  degrees  to  low.  This  variation  of  temperature 
inversely  with  load  in  high  cylinder  is  believed  to  be  necessary 
with  high  superheat  to  protect  it  from  burning  the  oil.  In  this 
engine  the  regulation  is  effected  by  giving  to  the  low  pressure 
cylinder  the  superheat  which  has  been  taken  out  of  the  steam 
going  to  the  high  cylinder. 

Although  the  cylinder  ratio  is  different  from  that  usually 
adopted  in  this  country  for  saturated  steam,  it  nevertheless  cor- 
responds with  European  practice,  and  considering  the  low 
vacuum  and  the  absence  of  jacket,  the  steam  consumption  foimd 
— 13.81  pounds — is  not  an  excessive  figure. 

In  comparing  the  coal  consumption  of  this  engine  and  that 
reported  by  Professor  Jacobus  at  the  Saratoga  meeting,  it  should 
be  noticed  that  the  best  heat  consumption  of  the  latter  engine 
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Avas  obtaiiuHl  with  ^o  Lnv  a  iii.  e.  \).  that  the  engine,  if  propor- 
tional for  this  ni.  e.  p.  at  full  load  would  be  excessive  in  cost  on 
account  of  its  considerable  cylinder  dimensions;  so  much  so  as 
to.nuike  its  cost  comparable  to  that  of  a  superheated  steam 
enirine  and  its  superheater  complete,  whereas  the  superheated 
steam  euiiine  slunvs  a  saving  of  about  12  per  cent,  of  coal,  which 
is  therefore  obtained    with    onlj  a  small  additional  investment. 

Tests  of  engine  constructed  on  this  system  in  England  with 
a  vacuum  of  about  28  inches  of  mercury  show  a  steam  consump- 
tion of  1»  pounds  per  indicated  horse  power,  and  it  is  probable 
with  a  h>ad  of  iibout  J375  horse  power  (which  could  not  be  ob- 
taint'il  in  this  case  owing  to  the  arrangement  of  the  mill),  and 
an  equally  good  vacuum,  that  the  same  figure  could  have  been 
obtained  in  this  case. 

In  regard  to  the  superheater  at  N^ew^oort,  I  am  somewhat 
familiar  with  that  installation.  The  superheater  was  made  of 
sufficient  capacity  to  superheat  the  steam  for  2,000  kilowatt 
capacity  of  turbines,  and  it  is  now  superheating  steam  for  less 
than  200  kilowatts  capacity.  It  is,  therefore,  operating  under 
entirely  abnormal  conditions. 

Mr.  E.  T.  Child. — 1  would  like  to  ask  Professor  Jacobus  what 
was  the  ratio  of  cylinders  in  the  Brooklyn  engine?  And  is  this 
ratio  of  3  to  1  in  the  Millbourne  Mills  engine  the  blast  for  super- 
heated steam?  It  is  often  desirable  to  use  superheated  steam  in 
engines  already  built  and  with  cylinder-ratios  adapted  for  satur- 
ated steam.  Will  these  larger  cylinder-ratios  make  the  engine 
illy  adapted  for  superheated  steam? 

rrofpssor  Jacobus. — What  is  your  last  question?  I  did  not 
(piite  catch  it. 

Mr.  Child. — Is  this  ratio  of  3  to  1  distinctly  based  on  the  use 
of  superheated  steam,  and,  if  you  have  an  engine  built  for  satur- 
ated steam,  .say,  4  or  5  or  0  to  1,  is  that  illy  adapted  for  use  with 
superhea tcnl   steam  ? 

Professor  Jnrohus. — The  ratio  in  the  Brooklyn  engine  was 
about  4  to  1.  In  regard  to  the  last  question,  more  experiments 
are  needed  l)efor(?  it  can  b(;  answered.  Perhaps  Mr.  Bice  can 
give  us  some  more  infonnation  on  this  point  as  he  is  the  one 
who  decided  to  use  the  3  to  1  ratio. 

Ml.  Hire. — In  adopting  this  I'utio  we  adopted  the  foreign 
practice;  and  I  pn-.-ninf  that  ratio  was  adopted  abroad  for  two 
reasons:  First,  that  it  corr(^^ponds  closely  to  their  saturated  steam 
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practice;   and,   secondly,   by  having   a  large,   high-pressure   cyl- 
inder they  are  able  to  use  more  superheat  in  that  cylinder. 

Mr.  A.  E.  Cluett. — I  would  like  to  inquire  whether  outside 
of  the  cylinder-ratios  any  data  is  available  regarding  the  amount 
of  superheat  that  could  be  applied  to  an  ordinary  compound 
engine  of  about  the  same  size  as  the  one  under  discussion,  with- 
out endangering  the  engine  in  any  way? 

Mr.  Rice. — I  cannot  answer  this,  because  it  depends  largely 
on  the  character  of  the  load,  the  point  of  cut-off  in  the  cylinder, 
and  various  other  elements;  but  in  general  a  temperature  in 
existing  engines  of  over  500  degrees  Fahrenheit  would  give 
trouble. 

Prof.  ^Y .  F.  M.  Goss. — It  has  seemed  to  me  that  the  use  of 
superheated  steam  in  connection  vnXh.  multi-cylinder  engines  is 
somewhat  illogical,  and  I  am  interested  to  know  whether  Pro- 
fessor Jacobus  regards  the  results  of  his  tests  as  a  clear  justifica- 
tion for  such  a  combination.  The  large  amount  of  cylinder-con- 
densation, and  the  consequent  low  efficiency  which  attend  the 
action  of  the  single-cylinder  engine  may  be  reduced  in  several 
different  ways.  One  way  is  to  multiply  the  number  of  the  en- 
gine cylinders,  and  another  way  is  to  preserve  the  engine  in  its 
simplest  form  and  employ  a  superheater.  Either  plan  tends  to 
the  same  result.  In  either  case,  also,  the  improvement  is  at  the 
cost  of  added  complication  in  the  design  of  the  plant.  In  one 
case,  this  complication  takes  the  form  of  added  cylinders,  in  the 
other  of  an  independent  device  in  the  form  of  a  superheater. 
My  point  is  that  by  following  either  one  of  these  lines  of  develop- 
ment to  the  exclusion  of  the  other,  results  can  easily  be  obtained 
which  approach  closely  those  given  by  the  compound  super- 
heating plant  described  by  Professor  Jacobus.  If  this  is  true, 
where  is  the  argument  in  favor  of  adding  to  a  plant  complica- 
tions of  two  different  sorts.  If,  for  example,  a  compound  engine 
will  not  give  the  desired  degree  of  efficiency,  would  it  not  in 
most  Cases  be  better  practice  to  endeavor  to  better  the  perform- 
ance by  extending  the  series  to  a  triple  expansion  type,  rather 
than  by  introducing  a  device  requiring  so  much  attention  as  a 
superheater?  Or,  if  it  has  been  decided  to  employ  superheated 
steam  and  to  meet  the  problems  incident  to  such  practice,  then 
why  not  seek  the  full  advantage  of  its  use  by  reducing  the  engine 
to  its  simplest  form,  using  a  single  cylinder  only. 

I  do  not  wish  to  be  understood  as  criticising  in  the  least  the 
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excollont  paper  which  Professor  Jacobus  has  presented.  I 
iiierelv  raise  the  question  as  to  whether  the  combination  which 
is  presented  in  the  engine  he  describes  is  one  which  is  likely  to 
find  favor  in  future  practice.  In  view  of  his  very  careful  study 
of  the  subject,  a  statement  from  Professor  Jacobus  as  to  the 
argumenis  which  go  to. sustain  the  peculiar  combination  of  ele- 
ments which  the  engine  he  describes  presents  would  be  most 
valuable. 

Professor  Jacohus."^ — In  reply  to  Professor  Goss  will  say  that  I 
feel  tliat  the  gain  in  economy  secured  by  superheated  steam  may  in 
many  casecs  justify  its  use.  It  is  true  that  with  saturated  steam 
we  may  step  from  the  simple  engine  to  the  compound,  and  from 
the  compound  to  the  triple  with  a  gain  at  each  step,  but  it  also 
appears  that  in  any  type  of  engine  there  may  be  a  gain  due  to 
superheating.  The  main  point  to  be  determined  is  whether  the 
additional  gain  in  economy  due  to  the  superheating  will  more  than 
olfset  the  interest  on  the  increased  capital  investment,  and  the 
item  for  depreciation  and  repairs  of  the  superheater.  Mr.  Kice 
has  pointeil  out  that  if  a  compound  engine  using  saturated  steam 
is  proportioned  to  give  the  best  economy  the  mean  effective  pressure 
would  be  so  low  as  to  lead  to  large  dimensions,  and  that  when  so 
constructed  its  cost  is  comparable  to  that  of  a  superheated  steam 
engine  and  its  superheater  complete.  One  thing  is  certain,  and 
that  is  that  the  advisability  of  using  superheated  steam  depends 
on  the  cost  of  the  coal  used.  If  coal  is  expensive  it  may  pay  to 
use  superheat(Hl  steam,  whereas  with  a  cheaper  coal  it  may  not.  I 
hope  to  go  into  this  matter  of  costs  more  carefully  and  presents  the 
r(»sults  at  a  Liter  meeting. 

Mr.  (}('().  II.  Barrus  kindly  pointed  out  after  reading  my  paper 
that  by  basing  the  heat  consumption  on  the  temperature  at  which 
the  superheated  steam  is  furnished  to  the  engine,  I  have  neglected 
any  difference  that  there  may  be  with  saturated  and  superheated 
steam  in  the  radiation  of  the  steam  mains  leading  from  the  boiler 
to  the  engine.  Any  excess  of  radiation  wdth  the  highly  super- 
heated steam  over  that  for  saturated  steam,  should  be  charged 
against  the  superheated  steam  plant  and  the  saving  that  is  shown 
for  the  superheated  steam  shouhl,  therefore,  be  somewhat  less 
than  I  have  given.  Taking  the  Millbourne  Mills  engine  there 
would  be  a  difference  in  the  radiation  of  the  steam  mains  with 
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saturated  and  superheated  steam,  which  would  affect  the  economy 
by  about  one  per  cent.  The  steam  main  of  this  engine  is,  however, 
excessively  long,  being  over  t^^'ice  the  length  that  might  ordinarily 
be  used.  It  is  fair  to  say,  therefore,  that  where  the  steam,  main 
is  of  the  ordinary  length  and  is  covered  in  the  same  way  for  satu- 
rated and  superheated  steam,  the  results  for  the  heat  consumption 
with  superheated  steam,  computed  as  has  already  been  explained, 
should  be  discounted  by  about  one-half  of  one  per  cent. ;  a  quantitv 
which  is  well  within  the  range  of  accuracy  of  the  tests.  As  the 
covering  for  superheated  steam  is  usually  heavier  than  for 
saturated  steam,  this  small  difference  due  to  the  radiation  of  the 
steam  main  will  be  still  further  diminished.  The  mains  carrying- 
superheated  steam  at  the  ^lillbourne  Mills  are  6  inches  in  diameter, 
and  are  covered  with  a  double  layer  of  asbestos  and  magnesia 
covering.  The  inner  layer  is  asbestos  fire  felt  1^  inches  in  thick- 
ness, and  the  outer  magnesia  strips  of  about  the  same  thickness 
held  in  place  by  wire  and  plastered  with  asbestos  cement.  The 
average  outside  diameter  of  the  covering  is  12^  inches. 
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STAXDARD    UNIT  OF  REFRIGERATION. 

BT  J.    C.   BERTSCH,   ATLANTA,  GA. 

(Member  of  the  Society.) 

1.  Since  three-quarters  of  a  century  ago,  mechanical  refrigera- 
tion has  Ix'cn  in  practical  use.  For  the  first  period  of  about  fifty 
years  it  was  ai)plied  most  exclusively  for  making  ice  and  cooling 
liquids  in  small  quantities  only.  But  during  the  past  twenty-five 
years  its  applications  have  increased  so  wonderfully  and  on  such 
a  large  scale  that  it  must  now  be  taken  care  of  as  a  special  line  of 
business  by  the  refrigerating  engineer,  and  it  can  no  longer  be 
handled  in  connection  mth  any  other  branch  of  mechanical  engi- 
neering. 

2.  Kefiigeration  is  now  successfully  applied  in  numerous  indus- 
tries, either  as  a  valuable  assistance  or  as  a  most  necessary  part 
for  obtaining  quicker  and  better  results  in  the  manufacture  of 
manv  articles. 

3.  As  an  exclusive  process  mechanical  refrigeration  is  used  for 
making  ice,  preserving  perishable  goods,  controlling  fermentation, 
fractional  distillation,  assistins^  in  mining  and  for  many  other 
purposes.  It  will  sooner  or  later  be  applied  to  our  dwellings  and 
public  halls,  not  only  to  replace  the  ice  in  the  refrigerators,  but  to 
furnish  also  cooler  and  better  air  during  the  hot  season  of  the 
year. 

4.  In  spite  of  tlie  many  years  of  practical  application,  and  in 
spite  of  the  tliousands  of  refrigerating  machines  in  operation  all 
over  the  civilized  world,  no  standard  unit  of  refrigeration  has  as 
yet  been  established.  We  have  to-day  no  commonly  adopted  pro- 
portions or  uniform  rules  to  measure  the  actual  work  produced  by 
the  refrigerating  machine  save  the  adoption  of  284,000  British 
thermal  units  as  an  equal  to  the  work  accomplished  by  melting  one 
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ton  of  2,000  pounds  of  ice  of  32  degrees  Fahr.  to  water  of  32  de- 
grees Falir.  But  even  this  value  is  not  properly  applied,  inasmuch 
as  it  is  correctly  used  for  calculating  the  work  equal  to  ice-melting 
only;  as  soon  as  ice-making  is  to  be  calculated,  two  tons  of  ice- 
melting  are  considered  as  equal  to  one  ton  of  ice-making,  regard- 
less of  the  fact  that  under  ordinary  condition  the  making  of  one 
ton  of  ice  amounts, only  to  about  410,000  to  420,000  British  ther- 
mal units  instead  of  568,000  British  thermal  units. 

5.  The  absence  of  a  standard  unit,  proportions  or  rules  is  the 
cause  of  much  confusion  and  many  disputes.  Everyone  is  at  lib- 
erty to  choose  any  rating  he  sees  fit,  and  as  each  rating  or  guaran- 
tee can  be  substantiated  under  certain  assumptions,  the  purchaser 
of  a  machine  is  at  a  loss  to  know  what  he  is  getting  for  his  money. 

6.  We  find  to-day  the  capacities  of  machines  based  on  a  con- 
densing water  of  from  50  up  to  75  degrees;  compressor  displace- 
ments of  from  6,500  up  to  8,500  cubic  inches  per  ton-minute,  and 
guarantees  for  power  required  of  from  one  up  to  two  horse-power 
per  ton  refrigeration  in  24  hours. 

7.  Realizing  that  such  conditions  can  not  be  tolerated  much 
longer,  and  that  uniform  rules  for  this  special  branch  of  engineer- 
ing are  badly  needed,  the  Southern  Ice  Exchange,  in  convention 
at  Atlanta,  Ga.,  last  February,  took  the  lead  in  appointing  a  com- 
mittee for  standardizing  the  proportions  of  the  machinery  and 
apparatus  needed  for  ice-making  and  refrigeration. 

8.  Some  other  and  similar  associations  did  likewise,  and  the  Ice 
Machine  Builders'  Association  took  up  this  matter  also,  in  order 
to  assist  in  the  establishing  of  uniform  regulations  for  the  benefit 
of  all  concerned. 

9.  Guided  by  the  high  standing  this  Society  holds  throughout 
the  engineering  world,  I  desire  to  invite  your  hearty  cooperation 
on  this  important  subject,  hence  this  paper. 

Ammonia  Compression  System. 

10.  The  overwhelming  majority  of  refrigerating  machines  in 
actual  operation  are  of  the  ammonia  compression  system,  which 
should  therefore  be  considered  first.  Afterwards  the  ammonia 
absorption  system,  the  carbonic  acid  compression  system,  vacuum 
air  system  and  others  could  be  considered  along  the  same  lines. 

11.  With  the  ammonia  compression  system  pure  anhydrous 
liquid  ammonia  is  evaporated  under  a  low  pressure  within  a  system 


294  STANDARD   UNIT   OF   REFRIGERATION. 

of  pipes.  Such  a  vaporization  is  only  possible  if  heat  is  supplied 
and  such  heat  is  furnished  by  the  substance — air,  water,  brine, 
etc. — surrounding  said  pipes,  whereby  consequently  the  substance 
becomes  refrigerated  and  the  ammonia  takes  the  form  of  vapor. 
The  office  of  the  refrigerating  machine  is  to  compress  this  vapor 
and  to  discharge  the  compressed  gas  into  the  condenser,  where  it 
is  condensed — liquified — for  further  use  in  the  refrigerating  sys- 
tem. 

Properties  of  Ammonia. 

12.  The  properties  of  the  ammonia  in  the  state  of  liquid  and 
vajiur  has  been  calculated  by  Professor  De  Volson  Wood.  They 
are  well  known  and  universally  accepted  as  correct. 

13.  AVe  know  exactly  w^hat  the  ammonia  can  do  under  certain 
conditions,  and  as  the  temperature,  pressure,  volume  and  weight 
of  same  are  of  fixed  relations  to  each  other,  we  can  calculate  two 
of  these  properties  as  soon  as  two  of  them  are  known. 

Standard  Ton  of  Refrigeration. 

14.  The  quantity  of  refrigeration  is  now  expressed  in  tons  of 
ice-melting. 

As  the  latent  heat  of  ice  is  142  British  thermal  units,  it  takes 
for  melting  or  making  one  ton  of  2,000  pounds  of  ice  of  32  de- 
grees the  quantity  of  2,000  X  142,  or  284,000  British  thermal 
units. 

The  correct  and  better  expression  which  would  answer  for  all 
purposes  would,  therefore,  be : 

"  One  ton  of  refrigeration  is  the  latent  heat  absorbed  or  set 
free  by  melting  or  making  one  ton  of  ice  of  32  degrees  to  or  from 
water  of  32  degrees  Fahr." 

Quantity  of  Ammonia  Evaporated. 

ir>.  To  transfer  the  heat  of  284,000  British  thermal  units  by 
means  of  mechanical  refrigeration  a  certain  amount  of  liquid  am- 
monia must  be  evaporated,  and  to  arrive  at  the  actual  amount  of 
ammonia  needed  we  must  consider  the  unavoidable  losses  of  heat 
during  the  process  of  vaporization. 

16.  First.  The  liquid  ammonia  coming  from  the  condenser  has 
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a  much  higher  temperature  than  the  one  at  which  it  evaporates. 
The  difference  between  these  temperatures  is  a  loss  which  must  be 
deducted  from  the  heat  of  vaporization  due  to  the  boiling  point 
of  the  ammonia  in  the  refrigerator. 

8econd.  The  vapor  leaving  the  refrigerator  becomes  heated  on 
its  way  to  the  compressor,  and  especially  by  coming  in  contact  with 
the  walls  and  parts  of  the  compressor,  which  are  heated  to  a  cer- 
tain extent  during  the  compression  period.  This  heating  of  the 
vapor  causes  expansion,  and  consequently  a  reduction  of  the 
weight  due  to  its  pressure. 

Third.  It  is  impossible  to  build  a  compressor  which  discharges 
every  particle  of  the  compressed  gas.  Whatever  is  left  in  the 
cylinder  at  the  moment  the  piston  begins  the  suction  period  will 
reexpand  and  fill  up  a  certain  space,  thus  reducing  the  volume  of 
the  entering  vapor,  or,  in  other  words,  the  displacement  of  the 
compressor. 

Fourth.  More  or  less  loss  is  caused  by  leaks  through  valves  and 
piston,  radiation  of  the  different  parts  of  the  system,  imperfec- 
tion of  the  insulation  and  pipe  covering  and  impurities  in  the 
ammonia  itself. 

17.  The  first  loss  is  an  exactly  known  quantity,  and  is,  there- 
fore, accounted  for  separately  in  all  calculations.  But  all  the 
other  losses  can  not  be  measured  correctly  and  independently 
from  each  other,  w^herefore  they  are  accounted  for  in  form  of  a 
certain  per  cent,  of  efficiency  of  the  compressor. 

Efficiency  of  Com'pressor. 

18.  Prof.  J.  E.  Denton  stated  in  Transactions  A.  S.  M.  E.,  vol. 
xii. :  "  .  .  .  An  important  deduction  from  the  measurements 
by  meter  of  the  quantity  of  ammonia  circulated,  compared  with 
the  w^eight  of  ammonia  accounted  for  by  the  displacements  of 
the  compressors,  is  that  the  latter  falls  25  per  cent,  short.  .  .  .'' 
Such  a  shortage  of  25  per  cent.,  or  an  efficiency  of  the  compressor 
of  75  per  cent.,  has  not  as  yet  been  proven  incorrect,  and  as 
actual  practice  agrees  indeed  closely  with  such  an  efficiency,  it 
can  safely  be  considered  as  correct. 

19.  Having  now  the  quantity  of  heat  equal  to  one  ton  of  re- 
frigeration, and  also  the  loss  of  heat  and  the  efficiency  of  the  com- 
pressor as  undisputed  facts,  it  would  seem  a  very  simple  matter  to 
find  the  quantity  of  ammonia  which  must  be  actually  evaporated 
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under  certain  conditions  in  order  to  produce  one  ton  of  refrig- 
eration. 

*  20.  But  just  the  choice  of  these  certain  conditions  upon  which 
the  standard  unit  shall  be  based  has  so  far  prevented  an  agreement 
between  tlie  parties  concerned. 

21.  For  the  establishment  of  a  standard  unit  of  refrigeration  it 
is  necessary  to  agree  on  the  speed  of  the  machine  and  on  the  tem- 
peratures or  pressures  which  shall  form  the  bases  for  all  calcula- 
tions. As  soon  as  such  bases  are  found  and  accepted,  the  entire 
question  is  settled. 

Sjpeed  of  Machines. 

22.  Up  to  the  present  time  the  most  serious  trouble  is  the  great 
difference  in  the  speed  of  the  machines. 

Some  of  the  builders  use  good  practice  and  base  their  machines 
on  a  piston  speed  of  from  125  feet  for  the  smallest  up  to  300  feet 
for  the  largest  machines. 

23.  Others  are  not  so  particular,  and  use  a  speed  of  from  150  to 
450  feet  per  minute.  Still  others  don't  care  at  all  for  any  propor- 
tions, but  simply  increase  the  speed  of  one  and  the  same  machine 
if  a  larger  capacity  is  needed,  just  to  meet  competition  regardless 
of  the  efficiency  or  the  life  of  the  machine. 

24.  Such  conditions  are  not  known  in  any  other  branch  of  me- 
chanical engineering.  Standard  regulations  like  those  accepted  in 
steam  and  electrical  engineering  should  also  be  possible  in  re- 
frigerating engineering. 

25.  Recently  it  has  been  proposed  to  adopt  50  revolutions  per 
minute  as  the  speed  for  all  machines  regardless  of  size.  Such  an 
effort  is  arbitrary  and  against  the  principles  of  modern  engineer- 
ing. It  would  mean  for  the  refrigerating  machines  as  much  as 
a  proposition  of  80  revolutions  per  minute  for  all  steam  engines 
or  500  revolutions  per  minute  for  all  dynamos. 

26.  The  speed  must  necessarily  be  expressed  in  feet  piston 
travel  per  minute,  and  the  number  of  feet  must  be  chosen  with  due 
regards  to  the  fact  that  all  compressors  have  poppet  valves  instead 
of  positively  mechanically  governed  valves  like  the  steam  engine. 

For  this  reason  the  speed  of  a  compressor  can  never  be  as  high 
as  the  speed  adopted  for  the  steam  engine. 

27.  I  have  been  in  favor  of  a  speed  of  250  feet  as  a  standard. 
But  after  a  careful  comparison  of  the  speed  of  well  proportioned 
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machines  in  actual  practice,  I  think  it  will  be  necessary  to  divide 
the  speed  in  several  classes,  in  order  to  prevent  too  great  a  de- 
parture from  the  present  common  practice. 

28.  All  machines  with  a  stroke  of  8  inches  and  less  are  of  little 
or  no  importance  and  could  be  excluded.  The  machines  above  8- 
inch  strokes  could  be  divided  into  four  classes,  for  which  the  stan- 
dard piston  speed  per  minute  should  not  exceed: 

180  feet  for  macliines  with  a  stroke  up  to  and  including  12  inches; 
240    "      "  "  "     "       "      over  12  and  including  24  inches  ; 

300    "      "  "  "     "       "         "    24    "  "  36      " 

360    "      "  "  "     "       "         '*    36  inches. 

29.  A  comparison  of  this  proposition  with  the  present  rating  of 
the  manufacturers  of  two  of  the  leading  machines,  shows  the  fol- 
lowing table  of  speed: 
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Temjperature  vs.  Pressure, 

A  glance  at  anv  ammonia  table  must  convince  us  that  the  tem- 
perature and  not  the  pressure  is  the  basis  for  all  calculations  of 
the  capacity  of  a  refrigerating  machine.  This  fact  is  not  at  all 
a  matter  of  choice,  but  it  is  dictated  by  natural  conditions. 

The  change  in  the  temperature  of  the  atmosphere  and  of  the 
water  supply  is  the  cause  of  changes  of  the  ammonia  pressure,  but 
a  change  in  the  latter  can  never  produce  a  change  in  the  former. 

All  the  properties  of-  ammonia  are  based  on  the  absolute  tem- 
jperature from  which  the  different  pressures  are  derived. 

And  yet,  in  spite  of  this  fact,  most  all  calculations  of  the  capa- 
city of  refrigerating  machines  are  based  on  the  suction  and  con- 
densing pressures,  which  are  often  expressed  in  fractions  of  one- 
hundredths  of  a  pound,  which  of  course  can  not  be  read  on  any 
gauge. 

The  consequence  of  such  a  faulty  method  is  that  the  exact 
knowledge  of  the  relations  between  temperature  and  pressure  are 
seldom  fully  understood  by  those  who  operate  this  class  of  ma- 
chines, and  that  it  is  possible  that  for  a  place  having  a  condensing 
water  with  85  degrees  a  machine  is  furnished,  of  which  the  capa- 
city is  based  on  a  temperature  of  60  degrees. 

The  present  method  of  allowing  two  and  even  more  tons  of  re- 
frigeration for  one  ton  of  ice-making  capacity  is  also  caused  by 
the  disregard  of  temperatures,  because  the  boiling  point  of  the 
ammonia  for  ice-making  nmst  be  much  lower  than  the  one  taken 
at  present  as  a  basis  for  refrigeration.  I  know  of  a  case  where  a 
machine  of  150  tons  refrigerating  capacity  had  to  be  w^orked  up 
to  its  full  capacity  to  produce  65  tons  of  ice. 

The  ammonia  tables  in  practical  use  give  for  each  degree  from 
minus  40  up  to  plus  100  the  absolute  and  gauge  pressures,  volumes 
and  weights  of  the  ammonia,  but  for  only  two  even  numbers  of 
pounds  gauge  pressure  (76  and  87  pounds)  the  corresponding  tem- 
peratures, and  all  the  others  must  be  calculated  or  assumed. 

This  evil  can  be  easily  corrected  bv  basing  all  calculations  of 
the  capacity  on  the 

Temperature  to  be  produced,  and 

Actual  temperature  of  the  condensing  water. 
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Temperature  to  he  Produced. 

From  zero  required  for  sharp  freezers  up  to  60  degrees  for 
certain  rooms,  the  range  in  temperatures  is  a  very  large  one. 

The  standard  should  be  a  fair  average  of  the  temperatures  most 
needed,  and  this  is  no  doubt  the  temperature  required  for  ice- 
making,  combinations  of  ice-making  and  cold  storage,  and  re- 
frigerating plants  with  brine  circulation. 

A  temperature  of  15  degrees  Fahr.  as  a  basis  would  therefore 
be  most  suitable  for  these  purposes,  and  would  give  a  boiling  point 
of  zero  and  a  suction  pressure  of  about  15  pounds.  It  could  be 
applied  for  about  90  per  cent,  of  all  plants,  and  the  balance  of  10 
per  cent,  for  which  temperatures  below  or  above  15  degrees  are 
required  could  be  based  on  especially  prepared  equations  or  tables.' 


Actual  Te?7iperature  of  Condensing   Water. 

Different  parts  of  the  country  furnish  water  of  a  great  dif- 
ference in  temperature.  Water  as  low  as  50  is  found  at  some 
places  in  the  North;  an  average  of  65  degrees  in  the  East;  and 
from  75  to  85  degrees  in  the  West  and  South.  But  comparatively 
few  plants  can  depend  on  an  abundance  of  water,  which  is  clearly 
demonstrated  by  the  rapidly  increasing  demand  of  cooling  towers. 

The  temperature  of  water  of  the  greatest  part  of  this  country 
is  from  72  to  78  degrees,  and  wherever  a  cooling  tower  is  used  it 
will  furnish  a  water  of  about  the  same  temperature,  whether  the 
initial  temperature  was  60  or  85  degrees,  some  extreme  conditions 
not  counted. 

A  condensing  water  of  75  degrees  as  a  basis  would  certainly  be 
in  line  with  the  great  majority  of  actual  conditions.  A  few  de- 
grees more  or  less  than  75  could  not  change  conditions  very  mate- 
rially, as  a  difference  of  5  degrees  does  not  amount  to  more  than 
about  1  per  cent,  more  or  less  capacity,  which  is  small  compared 
with  a  factor  of  75  per  cent,  as  the  basis  for  the  efficiency  of  the 
compressor. 

With  a  condensing  water  of  75  degrees  and  a  modern  condens- 
ing apparatus,  or  with  a  special  liquid  cooler  in  connection  with 
an  old  style  condenser,  a  liquid  ammonia  of  80  degrees  can  be 
easily  obtained. 
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Displacement  of  the  Compressor, 

The  displacement  of  the  compressor  is  dependent  upon  the  con- 
ditions already  mentioned.  Taking  as  a  standard  basis  284,000 
British  thermal  units  as  the  heat  value  of  one-ton  refrigeration; 
15  degrees  as  the  temperature  to  be  produced;  zero  as  the  boiling 
point  of  the  ammonia  to  be  evaporated;  555,500  British  thermal 
units  as  the  heat  of  vaporization  of  one  pound  at  said  boiling  point, 
and  0.1107  pound  as  the  weight  of  one  cubic  foot  of  vapor  at  said 
boiling  point ;  80  degrees  as  the  temperature  of  the  liquid  am- 
monia, and  75  per  cent,  as  the  efficiency  of  the  compressor,  the 
standard  displacement  per  minute  per  ton  of  refrigeration  in  24 
hours. 

284,000 


(555.50  -  80)  X  0.1107  x  1440  x  0,75) 
or  5  cubic  feet  (8,640  cubic  inches). 


=  4.992 


Standard  Unit  of  Refrigeration. 

Eecapitulating  my  propositions,  the  requirements  for  a  standard 
unit  of  refrigeration  would  be  as  follows : 

1.  284,000  British  thermal  units  as  the  latent  heat  of  2,000 
pounds  of  ice  constitute  one  ton  of  refrigeration. 

2.  The  efficiency  of  the  ammonia  compressor  is  75  per  cent,  of 
the  theoretical  capacity. 

3.  The  limit  of  piston  travel  in  feet  per  minute  shall  be 

180  feet  for  strokes  up  to  and  including  12  inches  ; 
240    "      "         ■'     over  12  "  "         24       " 

300    "      "        "        "    24  "  "        £6 

360    "      "         "        ''    36  inclies. 

4.  The  temperature  to  be  produced  15  degrees  Fahr.,  and  the 
boiling  point  of  the  evaporating  ammonia  is  zero. 

5.  The  temjDcrature  of  the  condensing  water  is  taken  at  75 
degrees  Fahr.,  and  the  temperature  of  the  liquid  ammonia  at  80 
degrees. 

6.  The  displacement  of  the  compressor  must  be  5  cubic  feet, 
or  8,640  cubic  inches,  per  minute  for  each  ton  of  refrigeration 
in  24  hours. 
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Hence  we  have 

0.75  X  l,:t40  X  (555.50  -  80)  x  0.1107  x  5  ^  ^ 

284,000  *  ' 

representing  actually  one  practical  ton  of  refrigeration. 

Ice-Making  Capacity. 

It  may  be  interesting  to  find  the  relations  between  one  ton  of 
refrigeration  and  one  ton  of  ice-making  under  the  very  same  con- 
dition as  taken  for  the  standard  unit  of  refrigeration. 

With  a  cooling  water  of  75  degrees,  the  water  coming  from  the 
re-boiler  with  212  degrees  must  be  cooled  before  it  can  enter  the 
ice-making  apparatus,  and  it  can  therefore  be  taken  again  at  a 
temperature  of  80  degrees.  By  means  of  evaporating  ammonia 
it  must  be  cooled  to  32  degrees,  and  after  being  frozen  the  ice 
must  be  cooled  down  to  15  degrees.  To  simplify  matters,  we 
will  take  the  specific  heat  of  the  ice  also  at  1  instead  of  0.5,  and 
the  work  to  be  done  would  then  be  the  transfer  of  the  sensible 
boat  of  2,000  x  (80  -  15)  =  130,000  British  thermal  units,  in 
addition  to  the  latent  heat  of  284,000  British  thermal  units. 

The  total  of  414,000  British  thermal  units  would  then  consti- 
tute the  heat  value  of  one  ton  of  ice-making,  and  one  practical 
ton  of  refrigeration  would  be  equal  to 

0.75  X  1,440  X  (555.5  -  80)  x  0.1107  x  5       ^  .^^ 
414,000 —  =  ^'^^^ 

or  0.68  ton  of  actual  ice-maJcing  capacity. 

The  following  Table  of  Capacities  give  a  comparison  of  "the 
builders'  rating  with  the  actual  capacities  according  to  my  propo- 
sition for  a  standard  unit. 

It  proves  conclusively  that  the  machines  mentioned  are  not 
based  on  uniform  rules.  While  the  capacity  of  most  of  the  single- 
acting  machines  comes  very  near  within  the  results  from  applying 
my  proposition  for  a  standard  unit,  the  capacities  of  most  of  the 
double-acting  machines  show  very  great  differences. 

The  true  proportions  between  refrigerating  and  ice-making 
capacity  hold  good  for  the  single-acting  machines,  but  not  for  the 
double-acting  machines,  which  for  several  good  reasons  fall  short 
in  actual  practice,  which  fact  is  plainly  demonstrated  by  the 
builders'  rating  for  ice-making  capacity. 
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Co7iclusion. 

9 

It  has  been  my  endeavor  to  show  that  the  pressures  as  a  basis 
for  caleuLation  are  in  place  and  necessary  for  computing  the  power 
required,  but  that  for  computing  the  capacities  of  refrigerating 
machines  the  temperatures  are  the  only  correct  basis. 

As  this  subject  is  of  great  interest  to  a  great  number  of  indus- 
tries, I  beg  leave  to  suggest  that  a  committee  may  be  appointed 
consisting  of  members  of  this  Society  actually  engaged  in  re- 
frigerating engineering,  and  that  such  committee  may  have  the 
power  to  cooperate  with  all  the  committees  already  appointed 
bv  the  associations  of  builders  and  owners  of  ice  and  refrigerating 
machinery  for  the  sole  purpose  to  establish  a  Standard  Lnit  of 
Refrigeration. 

DISCUSSION. 

Mr.  Gardner  T.  Voorhees. — In  reply  to  Mr.  Bertsch's  paper 
on  the  Standard  Unit  of  Refrigeration  I  wish  first  to  briefly  re- 
view the  efforts  that  have  been  made  in  this  line. 

In  my  work  as  a  Refrigerating  Engineer,  for  a  long  time  I 
have  been  greatly  impressed  by  the  great  differences  of  opinion 
regarding  the  capacity  of  refrigerating  machines. 

In  a  series  of  articles  that  I  jmblislied  in  Ice  and  Refrigeration 
of*!May,  June,  July,  August,  September  and  October,  1002,  en- 
titled ^'  Analyzing  the  Compressor,"  I  endeavored  among  other 
thiufrs  to  indicate  a  basis  for  accurately  determining  the  capacity 
of  such  refrigerating  machines. 

My  correspondence  with  the  prominent  builders  of  such 
niacliiTies  at  that  time  so  iujpressed  me  with  the  great  diversity 
of  ratings  for  capacity  that  I  determined  to  try  and  have  a  stan- 
dard unit  ton  for  refrigerating  machines  adopted  by  those  most 
interested. 

It  was  my  intention  to  have  personally  presented  tliis  subject 
before  the  Society  at  its  last  winter  meeting,  but  my  duties  in 
eonnection  with  the  St.  Louis  World's  Fair  Refrigeration  Ex- 
liibit  at  that  time  y)revented  my  being  at  the  meeting  as  these 
>anie  duties  have  at  present  prevented  my  pre])aring  a  more 
elaborate  paf)er. 

I  brfMiglit  the  qncHtion  to  the  attention  of  the  Society  in  letters 
of  December  3  and  22,  1!)02,  and  asked  that  a  committee  be  ap- 
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pointed  to  consider  the  question.  In  my  letter  of  December  2 2d, 
I  suggested  the  following  as  a  basis  on  which  to  attempt  to  frame 
rules  for  the  standard  unit  ton  for  all  classes  of  refrigerating 
machines. 

First:  As  referred  to  compression  machines,  the  use  of  the 
factor  (cubic  displacement  of  compressor  per  revolution  per  ton 
of  refrigeration). 

Second:  For  absorption  machines,  cubic  displacement  of  the 
liquor  pump ;  per  stroke,  per  ton  of  refrigeration,  with  accom- 
panving  difference  in  percentages  of  ammonia  contained  in  the 
strong  and  weak  liquors. 

I  personally  brought  up  the  question  at  the  last  February 
meeting  of  the  Southern  Ice  Exchange  at  Atlanta,  Ga.,  with  the 
result  that  I  had  the  honor  to  be  appointed  chairman  of  a  com- 
mittee of  five  from  that  association  to  consider  the  subject  and 
report. 

Through  the  active  efforts  of  .Air.  J.  F.  Xickerson,  the  pub- 
lisher of  Ice  and  Refrigeration,  and  Mr.  J.  0.  Atwood,  manager 
of  the  National  iVmmonia  Co.,  similar  committees  were  appointed 
at  the  last  March  meetings  of  the  Southwestern  Ice  ^lanufac- 
turers'  Association  at  Dallas,  Texas;  The  Indiana  Ice  Manufac- 
turers' Association  at  Indianapolis,  Ind.,  and  the  Western  Ice 
Manufacturers'  Association  at  Kansas  City,  Kansas. 

Since  the  above  committees  were  appointed  the  Ice  Machine 
Builders  of  this  country  liave  organized  an  association  and  have 
devoted  some  little  time  to  discussion  and  tests  that  may  help  to 
establish  such  a  unit. 

ISTumerous  articles  bearing  on  the  subject  have  been  published 
from  time  to  time  in  the  columns  of  Ice  and  Refrigeration  by 
Prof.  J.  E.  Siebel,  Eugene  T.  Skinkle,  J.  C.  Bertsch,  A.  E. 
Siebert  and  myself.  For  the  benefit  of  those  who  may  be  inter- 
ested to  revicAV  those  articles  I  give  the  following  references  to 
the  pages  of  Ice  and  Refrigeration : 

1903. 
Author. 
G.  T.  Voorhees 


Month. 
March . 


Page. 
88d-88e. 


May 


Jane 


July 


194 


232 


16-18 


Ice  Machine  Builders. 


E.  T.  Skinkle 


Subject. 

Introduction  of  subject  at  South- 
ern Ice  Exchange  Meeting. 

Proposed  rule  for  Standard  Unit 
Ton. 

Criticism  of  Builders  Unit  by  edi- 
torial. 

Capacity  of  Compressor,  with 
tables. 


20 


30t> 
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Month.  Page. 

Aug.    .  .  .  47-0O 


Aug.     .  . .  50-51 
Sept.    . .  .  110 


...  102-103. 
...  103 
Oct.     ...129-131. 


1903.- 
Author. 

G.  T.  Voorhees 


A.  Siebert 


G.  T.  Voorhees 


101-103...  E.  T.  Skinkle 


Prof.  J.  E.  Siebel 

A.  Siebert 

G.  T.  Voorhees 


.  125-128...  J.  C.  Bertsch 


..  131-132...  A.  Siebert 


Nov. 


.  140         . . .  Ice  Machine  Builders 
.  195-196. . .  G.  T.  Voorhees 


(Continued.) 

Subject. 
. . .  General  review  of  subject.     Rules 
suggested  and  curves  for  capa- 
city.      Criticism     of     Skinkle's 
tables. 
. . .  Criticism  of  Skinkle's  tables  and 

proposed  new  formula. 
. . .  Diagramatic  representation  of  am- 
monia  in    a  compression   cycle. 
Criticism  of  Siebert's  formula. 
. . .  Reply    to   criticisms    of   Voorhees 
and  Siebert. 
Criticism  of  Siebert's  formula. 
Criticism  of  Voorhees'  articles. 
Reply  to  Skinkle's  criticism  with 
curves  showing  Voorhees',  Skin- 
kle's and   Siebert's   results  and 
correction  to  apply  to  page  110 
of  September  article. 
General  discussion  of  subject,  with 
tables,  together  with  discussion 
of  Voorhees',  Skinkle's  and  Sie- 
bert's articles. 
Reply  to  criticism  of  Siebel,  Voor- 
hees and  Skinkle. 
Brief  notice  of  tests  for  unit  ton. 
Criticism  of  Bertsch 's  article. 


A  brief  summary  of  the  points  discussed  are  as  follows: — 
Superheating  effect,  formulae  for  capacity,  rules  for  capacity, 
general  curves  and  tables. 

The  ruh's  proposed  by  me  in  these  articles  were  as  follows : — 


For  Ammonia  Compression  Machines. 


First:  A  standard  unit  ton  of  refrigeration  is  284,000  British 
thennal  units. 

Second:  A  refrigerating  machine  must  operate  continuously 
for  24  liours  to  do  refrigeration  equal  to  its  rated  capacity. 

Third:  A  refrigerating  machine  shall  operate  at  fifty  revo- 
lutions per  minute  when  rated  at  its  standard  capacity. 

Fourth:  Tlie  standard  displacement  of  an  ammonia  compressor 
of  one  ton  (capacity  is  five  cubic  feet  per  minute. 

Fifth:  Thr-  a])proxiniate  displacement  per  minute  of  a  com- 
pressor per  ton  of  refrigeration  at  a  back  pressure  other  than  15 
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pounds  per  square  inch  gauge  and  a  temperature  of  water  to  the 
condenser  other  than  75  degrees  Fahr.  is  5  cubic  feet  plus  or 
minus  .18  cubic  feet  for  each  pound  that  the  back  pressure  is 
below  or  above  15  pounds  and  plus  or  minus  .001  cubic  feet  for 
each  degree  that  the  temperature  of  water  to  the  condenser  is 
above  or  below  75  degrees   Fahr. 

Referring  now  to  Mr.  Bertsch's  valuable  paper,  I  offer  the 
following  criticisms: 

The  statement,  article  14,  ^^  One  ton  of  refrigeration  is  the 
latent  heat  absorbed  or  set  free  by  melting  or  making  one  ton 
of  ice  of  32  degrees  to  or  from  water  of  32  degrees  Fahr."  would 
seem  to  be  more  concise  if  stated  as  follows: 

One  ton  of  refrigeration  is  the  measure  of  the  heat  taken  up 
or  given  out  by  melting  or  making  2,000  pounds  of  ice  of  32 
degrees  Fahr.  to  or  from  water  of  32  degrees  Fahr.  This  removes 
the  objection  of  synonymously  using  (ton  of  refrigeration)  and 
(latent  heat). 

'^  Given  out  "  seems  to  be  more  appropriate  than  "  set  free  " 
and  '^  2,000  pounds  ''  obviates  the  question  as  to  w^iether  a  short 
or  long  ton  is  meant. 

For  the  latter  part  of  article  15,  the  phrase:  ''and  to  arrive 
at  the  actual  amount  of  ammonia  needed,  we  must  consider  the 
unavoidable  losses  of  heat  during  the  process  of  vaporization," 
seems  more  correct  if  it  reads:  "and  to  arrive  at  the  actual 
amount  of  ammonia  needed  we  must  consider  the  unavoidable 
gain  or  loss  of  heat  to  or  from  the  system  during  the  process  of 
refrigeration.^^ 

In  the  second  clause  of  article   16,  only  the  effect  of  a  dry 
compressor  is  noted;  whereas  a  wet  compressor  would  have  addi 
tional  weight  of  ammonia  introduced  through  the  expansion  valve 
to  counteract  the  superheating  effect  during  compression. 

Article  19,  after  speaking  of  the  25  per  cent,  loss  in  capacity 
of  compressor  in  article  18  the  statement  that  the  efficiency  of 
the  compressor  is  an  undisputed  fact  seems  erroneous  in  two 
respects. 

First:  That  the  use  of  the  word  efficiency  is  not  correct.  It 
might  be  worded  as  follows,  ''  and  also  the  loss  of  heat  and  the 
effective  capacity  of  the  compressor  as  undisputed  facts." 

Second:  That  the  effective  capacity  of  the  compressor  is  a  very 
much  disputed  fact.  I  admit  that  the  work  and  tests  of  Professor 
Denton  are  the  best  data  we  seem  to  have  at  the  present  time, 
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and  that  probably  the  25  per  cent,  loss  of  capacity  is  correct 
for  certain  bad-  and  condenser  pressures.  But  I  iirmly  believe 
tliat  future  experiments  will  show  that  the  effective  capacity  of 
the  compressor  is  a  variable  (piantity  depending  on  the  back  and 
condenser  pressures,  the  nature  of  the  compressor  (wet  or  dry; 
and  the  area  and  nature  of  the  surfaces  that  the  refrigerant  comes 
in  contact  with  between  the  time  that  it  leaves  the  cooler  until 
it  is  trapped  in  the  compressor. 

I  Ixdieve  that  the  loss  of  capacity  will  be  more  than  25  per 
cent,  for  back  pressures  less  than  15  pounds  gauge  and  condens- 
ing vv-ater  hotter  than  75  degrees  Fahr.  and  less  than  25  per  cent. 
for  back  pressures  more  than  15  pounds  gauge  and  condensing 
water  colder  than  75  degrees  Fahr. 

^[y  theory  closely  follows  the  cylinder  condensation  phenomena 
of  the  steam  engine  and  seems  to  be  borne  out  by  general  experi- 
mental data. 

Articles  25,  2G,  27  criticise  my  suggestion  for  the  adoption  of 
a  standard  number  of  revolutions  for  the  compressor  and  suggest 
a  sort  of  sliding  scale  of  piston  speeds. 

I  believe  the  general  rules  to  be  adopted  should  be  as  simple 
as  possible,  and  I  suggest  that  if  a  standard  number  of  revolutions 
can  be  agreed  upon  that  it  will  much  simplify  the  final  rules. 
For  instance,  the  variation  in  piston  speed  suggested  by  Mr. 
Bertsch  is  100  per  cent.,  while  from  an  inspection  of  the  tables 
published  in  his  paper  on  page  7  it  is  evident  that  there  is  not  such 
a  large  variation  in  the  number  of  revolutions. 

It  is  not  necessary  to  maintain  the  arbitrary  proportion  between 
the  diameter  of  piston  and  length  of  stroke  as  in  these  tables.  It 
i.s  evident  that  where  the  length  of  the  stroke  is  twice  the  diam- 
eter of  the  cylinder  (as  is  the  case  with  many  up-to-date  machines) 
that  a  fixed  number  of  revolutions  as  50  would  give  just  the  same 
displacement  as  a  greater  number  of  revolutions  and  a  smaller 
stroke  for  the  same  diameter  of  piston. 

Why  not,  as  new  7)atterns  are  gotten  out,  make  the  smaller 
machines  with  extra  long  strokes  and  the  larger  machines  with 
.shorter  strokes  so  that  a  standard  number  of  revolutions  may  be 
adopted  i 

My  argument  as  advanced  in  favor  or  revolutions  in  place  of 
pi.ston  speed  is  as  follows,  from  page  49,  August,  1003,  Ice  and 
Re  frige  rail  0)1. 

"  Why  should  not  a  compressor  run  at  a  high  piston  speed  like 
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a  steam  engine  ?  The  reason  is  that  the  valves  of  a  steam  engine 
are  i)ositively  mechanically  governed  and  must  act  positively  at 
each  revolution  of  the  engine.  A  compressor  usually  has  poppet 
valves  which  are  not  positively  mechanically  governed,  but  depend 
for  their  action  upon  a  difference  of  pressure  of  a  gas  on  the  op- 
posite faces  of  the  valves.  Such  valves  have  an  appreciable  inertia 
and  can  only  reciprocate  a  limited  number  of  times  per  minute 
without  requiring  an  excessive  difference  of  pressure  on  the  two 
faces  of  the  valve.  Such  a  difference  of  pressure  is  out  of  the 
question  where  low  back  pressure  is  to  be  maintained  in  the 
cylinder  during  the  suction  stroke. 

'^  A  too  rapid  reciprocation  of  the  piston  will  either  cause  the 
suction  valve  to  so  act  that  the  pressure  in  the  cylinder  is  much 
less  than  that  in  the  suction  pipe,  or  else  the  rapid  motion  of  the 
piston  will  not  give  the  valve  time  enough  to  overcome  its  inertia 
and  change  the  direction  of  its  motion,  with  the  result  tliat  the 
valve  will  never  be  fully  open  or  fully  shut.  The  result  of  such 
action  evidently  greatly  cuts  down  the  capacity  of  the  compressor 
so  that  it  would  not  do  as  good  work  at  quite  high  speeds  as  it 
would  at  slower  speeds. 

''  We  all  know  from  the  steam  engine  that  the  limit  of  possible 
piston  speed  in  the  compressor  is  never  reached  so  far  as  operat- 
ing the  piston  and  stuffing  box  are  concerned.  It  seems  to  me 
that  the  piston  sj)eed  should  not  enter  into  the  question.  The 
vital  question  seems  to  me  to  be :  How  many  times  per  minute 
can  the  valves  be  made  to  reciprocate  to  advantage  ?  If  I  owned 
and  operated  a  compressor  I  would,  from  my  experience,  set  the 
Jimit  at  fifty  revolutions  per  minute. 

^^  Whatever  the  number  of  revolutions  finally  settled  upon  as 
being  advisable  it  is  eiddent  that  it  wdll  apply  equally  well  to  a 
large  or  a  small  machine  so  long  as  the  machine  has  equal  valve 
area  for  equal  weights  of  gas  pumped  at  equal  pressures.  A  con- 
sideration of  this  may  show  a  marked  difference  not  only  in  the 
different  makes  of  machines  but  in  different  sizes  of  the  same 
makes  of  machines;  and  may  lead  in  the  future  to  different  pro- 
portions between  diameter  and  stroke  so  as  to  give  larger  valve 
areas." 

In  addition  to  the  above  I  will  repeat  a  remark  that  was  made 
to  me  by  a  very  successful  refrigerating  machine  builder,  ^'  1 
find  it  cheaper  to  install  ample  compressor  displacement  rather 
than  to  install  extra  expansion  coils,  condensers,  ice  cans,  etc.'' 
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There  is  a  whole  vohiine  of  eoiuinon  sense  in  the  above  state- 
ment and  a  I'areful  study  of  its  results  would,  I  think,  lead  to  a 
conelusion  that  a  slow  running  machine  is  a  good  investment  both 
for  the  builder  and  the  purchaser. 

]^Ir.  Bertsch  implies  that  we  should  adopt  temperatures  rather 
than  pressures  because  temperatures  are  given  in  even  numbers 
in  the  annnonia  tables  while  pressui^s  are  usually  expressed  as 
fractions.  This  seems  to  be  no  argument,  for,  if  desired,  ammonia 
tables  can  easily  be  calculated  with  pressures  in  whole  numbers 
and  temperatures  generally  in  fractions. 

Mr.  IJcrtsch  asssumes  that  there  should  be  a  difference  of  15 
degrees  Fahr.  between  the  boiling  point  of  the  refrigerant  and 
the  temperature  of  the  substance  to  be  cooled.  A  difference  as 
great  as  this  i-s  not  found  in  modern  practice  where  shell  or  double 
tube  brine  coolers  are  used,  for  with  such  coolers  a  minimum 
differertce  of  temperatures  of  from  8  degrees  Fahr.  to  5  degrees 
Fahr.  is  usual  while  10  degrees  Fahr.  difference  is  a  maximum. 

Referring  to  the  rules,  the  first  one  is  not  well  w^orded,  while  for 
rule  two,  I  suggest  that  the  word  efficiency  should  be  changed  to 
effective  capacity.  Kule  three  does  not  seem  to  be  simple  enough. 
Kule  four  is  too  arbitrary  and  not  based  on  standard  conditions  to 
give  the  best  economy;  I  advise  back  pressure  as  a  basis  to  fig- 
ure on. 

In  obtaining  the  factor  0.68  as  the  multiplier  to  be  applied  to 
the  tons  refrigerating  capacity  to  obtain  the  tons  ice  making- 
capacity,  no  account  has  been  taken  of  the  gain  of  heat  by  radia- 
tion to  the  ice  making  tanks  or  of  the  loss  of  ice  in  thawing  from 
the  cans  or  plates. 

I  wish  to  call  attention  to  the  rule  adopted  by  the  Ice  Machine 
Builders'  Association  as  jmblished  on  page  194  of  the  May,  1903, 
number  of  Ice  and  Refrigeration  which  reads:  ^^  It  is  acknowl- 
edged by  the  Ice  Macliinc  Builders'  Association  of  the  United 
States,  here  assembh'd  :  that^  in  the  operation  of  refrigerating 
machinery  it  requires  the  eva])oration  of  27.7  pounds  of  anhydrous 
ammonia  per  hour  at  a  pressure  of  15.67  pounds  above  atmos- 
phere, condensing  ])ressure  to  be  taken  at  185  pounds  above  atmos- 
phere, to  produce  an  effect  equal  to  the  melting  of  one  ton  of  ice 
per  twenty-four  hours,  and  that  the  capacity  ratings  of  refrigerat- 
ing machines  should  be  figured  on  this  basis." 

This  rule  Heems  to  be  fraiiud  much  as  that  for  the  standard 
l)f)ikT  liorse-power  and  it  is  good  as  far  as  it  goes,  and  its  form 
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would  be  ideal  if  it  were  as  convenient  to  measure  ammonia  as 
it  is  to  measure  water  in  a  boiler  test,  or  if  the  question  of  the 
speed  of  the  •nachine  were  considered.  Metering  anhydrous 
ammonia  is  very  uncertain  and  requires  specially  constructed 
meters.  I  haye  used  the  same  meter  on  some  tests  that  Professor 
Denton  used  on  his  tests  and  I  found  that  unless  great  care  was 
taken  in  properly  installing  the  meter,  much  gas  would  be  gener- 
ated in  the  liquid  pipe  and  in  the  meter  which  would  make  the 
meter  buzz  around  like  a  top  with  results  that  were  anything  but 
reliable. 

Furthermore,  it  would  seem  to  me  to  be  yery  questionable  as 
to  whether  anhydrous  ammonia  could  be  successfully  measured 
without  using  special  apparatus  and  the  services  of  an  expert  whose 
services  should  not  be  required  in  so  simple  a  matter. 

The  Ice  Machine  Builders  have  shown  great  interest  in  this  sub- 
ject and  have  started  to  make  tests  on  one  make  of  machine  ydth 
the  evident  purpose  of  gathering  data  upon  which  to  base  the 
standard  unit  ton. 

I  think  it  unwise  to  attempt  to  derive  data  that  is  supposed 
to  stand  for  all  time  from  a  single  make  of  machine,  especially 
if  that  machine  is  erected  for  the  sole  purpose  of  making- 
tests.  I  think  data  should  be  obtained  from  all  recognized 
standard  makes  of  machines  and  that  tests  should  be  made  at  the 
places  where  the  machines  are  in  actual  commercial  operation. 

Each  machine  builder  can  single  out  one  or  more  of  his  best 
machines  and  have  a  careful  expert  test  made  by  his  own  experts 
under  the  supervision  of  some  reliable  and  impartial  expert. 

A  general  review  of  these  results  should  give  the  necessary 
data  for  the  final  action,  and  then  every  builder  will  have  had 
a  chance  to  have  his  say  and  to  submit  the  indisputable  value 
of  his  machine  as  shown  from  verified  tests. 

At  first  thought  I  feel  sure  that  many  of  the  machine  builders 
will  object  to  this  method  as  they  seem  to  have  a  mistaken  idea 
that  their  competitors  would  get  the  better  of  them  and  that  the 
public  in  general  would  learn  too  many  things  that  they  should 
not  know.  However,  I  believe  that  a  careful  consideration  will 
convince  most  of  the  builders  that  such  a  course  would  have  many 
advantages  in  bringing  to  light  the  best  points  of  all  machines 
so  that  all  could  profit  thereby  in  discarding  old  and  undesirable 
types  and  gradually  adopting  the  better  and  more  modern  methods. 

Let  the  public  know  more  about  ice  machines  and  remove  the 
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general  imj)ression  that  tliere  is  soiiiotliiiig  very  unusual  in  their 
construetion  aiul  oju'ratioii  and  thc^  ])nl)lic  will  very  shortly  want 
more  machines.  • 

It  is  my  intention  to  oifer  every  facility  for  such  tests  to  be 
made  upon  the  several  diiferent  types  of  machines  to  be  exhibited 
at  the  St.  Louis  World's  Fair  next  year,  and  I  will  be  glad  if  all 
the  recognized  experts  in  this  or  any  country  will  get  together  and 
suggest  methods  for  and  help  conduct  such  tests. 

In  closing  I  wish  to  apologize  for  taking  so  much  time  and 
touching  on  point*  not  covered  in  Mr.  Bertsch's  paper. 

My  only  excuse  is  the  great  interest  I  take  in  this  subject. 

Mr.  llios.  SJiipIey. — It  is  because  I  do  not  believe  that  some  of 
the  statements  made  in  the  paper  under  discussion  should  be  al- 
lowed to  go  on  record  as  facts,  that  I  felt  called  upon  to  make 
these  remarks. 

It  is  the  fact  that  no  unit  of  refrigeration  has  been  adopted  by 
the  engineers  engaged  in  the  manufacture  or  operation  of  ice 
and  refrigerating  machinery,  and  it  is  also  the  fact  that  every 
engineer  so  engaged  has  felt  the  need  of  the  adoption  of  some 
unit  upon  which  the  commercial  rating  of  ice  and  refrigerating 
machinery  could  be  based. 

The  unit,  if  it  may  be  called  such,  must  be  based  upon  an 
adopted  back  or  suction  pressure,  as  upon  this  back  or  suction 
pressure  depends  the  conditions  under  wdiich  the  ammonia  is 
evaporated  and  the  work  done. 

I  sjK-ak  of  ammonia  as  the  refrigerant;  it  is  the  one  that  is 
almost  universally  used,  and  also  because  to  attempt  to  adopt  a 
separate  unit  for  every  refrigerant  would  be  an  endless  job  and 
not  advisable  at  this  state  of  the  art. 

When  once  a  standard  back  pressure  has  been  adopted,  then  the 
unit  ha.s  been  arrived  at;  the  back  pressure  has  been  the  bone  of 
contention  and  must  be  agreed  n])on  l)efore  anything  else  can  be 
done. 

Mr.  Bf'^t^(•h  makes  the  statement  that  the  efficiency  of  a  com- 
pressor is  75  ])er  cent,  and  bases  this  statement  on  deductions 
made  by  Professor  Denton  years  ago,  and  he  further  states  that 
this  efficiency  has  not  been  proven  incorrect. 

In  this  I  must  correct  Mr.  Bertsch  ;  75  per  cent,  efficiency  is 
incorrect,  and  has  Ijcen  i)roven  so  conclusively,  especially  in  the 
recent  tests  made  at  York  bv  a  committee   selected  from  the 
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manufacturers  of  ice  and  refrigerating  machinery.  The  three 
members  who  directed  the  test  were  Geo.  Richmond,  representing 
the  De  La  Vergne  Refrigerating  Machine  Co.;  ^.  H.  Hiller, 
representing  the  Carbondale  Machine  Co.,  and  myself,  represent- 
ing the  York  Manufacturing  Co. 

The  fourth  member,  Mr.  Theo.  Vilter,  of  the  Vilter  Manufac- 
turing Co.,  was  unable  to  be  present  at  the  tests. 

The  three  active  members  of  tliis  committee  are  all  members 
of  this  Society. 

The  compressor  we  used  developed  an  efficiency  of  83  per  cent. 
under  15.67  pounds  back  pressure. 

The  plant  used  in  making  tlie  tests  was  put  up  for  that  pur- 
pose, and  every  means  possible  was  taken  to  guard  against  errors. 

A  mercury  column  was  used  to  determine  the  back  pressure, 
as  we  found  gauges  were  not  reliable  for  the  purpose.  We  also 
weighed  the  liquid  ammonia,  as  it  was  impossible  for  us  to  get 
a  meter  which  would  ha7idle  liquid  ammonia  accurately. 

The  plant  was  of  sufficient  size  to  warrant  accuracy,  and  the  tests 
were  run  for  6  days  consecutively,  hence  the  compressor  efficiency 
obtained  can  be  relied  upon. 

The  compressor  was  operated  at  an  average  of  about  TO  rev- 
olutions per  minute. 

As  to  the  proper  speed  at  which  a  compressor  should  be  oper- 
ated, I  will  say  that  from  tests  which  are  now  being  carried  on 
on  the  same  t^st  plant  under  my  direction,  it  has  been  shown 
that  the  efficiency  of  a  compressor  increases  as  the  revolutions 
increase. 

The  speed  tests  were  made  for  each  10  revolutions  from  40  to 
100,  the  compressor  being  18-inch  stroke. 

There  is  no  question  whatever  that  the  efficiency  of  the  dif- 
ferent types  of  machines  varies,  hence  the  adoption  of  a  standard 
compressor  displacement  per  ton  of  refrigerating  would  not  be 
possible  any  more  than  it  is  possible  to  adopt  a  standard  amount 
of  steam  per  horse-power  for  all  types  of  engines. 

Prof.  S.  A.  Reeve. — The  writer  wishes  in  the  first  place  to 
commend  the  enterprise  of  Mr.  Bertsch  in  bringing  this  subject 
before  the  Society.     It  is  one  which  has  long  needed  attention. 

In  the  second  place,  he  would  suggest  the  advisability  of  sub- 
mitting this  matter  to  the  consideration  of  a  committee,  for  the 
formulation  of  the  Society's  views  as  to  the  adoption  of  some  such 
standard  unit.     To  that  end  he  would  suggest  that  a  committee 
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l.e  iH>iM)iiitiHl  l)_v  the  rivsick'iit,  to  report  to  the  Society  at  its  next 
annual  nieetinu-. 

Thirdly,  he  woukl  suggest  to  such  committee,  if  one  be  ap- 
pointed, the  need  for  a  standard  method  of  expressing  the 
efficiency  of  a  refrigerating  or  ice-making  machine  as  well  as  for 
a  standard  unit  of  refrigeration;  for  we  have  no  recognized  method 
now.  To  start  the  discussion,  he  would  suggest,  tentatively,  the 
following  method : 

Let  Q  be  the  standard  unit  of  refrigeration,  supposedly  the 
284,000  British  thermal  units  suggested  by  Mr.  Bertsch. 

Let  the  lower  limit  of  temperature  be  the  zero-point  (F)  sug- 
gested by  Mr.  Bertsch  or,  in  general,  any  absolute  temperature 
Ti  which  might  be  adopted  in  its  place,  or  which  might  be  left 
undecided  for  variation  to  suit  each  case. 

Let  Tg  be  the  upper  limit  of  temperature,  that  of  the  condensing 
water,  either  the  536  degrees  absolute  (75  Fahr.)  suggested  by 
Mr.  Bertsch,  or  the  particular  temperature  applying  in  any  given 
case. 

Then  the  least  amount  of  energy,  measured  in  British  thermal 
units  which  could  possibly  accomplish  the  unit  of  refrigeration 
would  be,  in  general, 

^^^^^  284,000  =  Q^, 

or,  supposing  the  adoption  of  Mr.  Bertsch's  standard  tempera- 
tures, Qw  =  46,204  British  thermal  units,  or  very  close  to  f 
horse-power  per  ton  capacity. 

In  any  given  case  let  the  actual  energy  absorbed  in -producing 
the  standard  unit  of  refrigeration  be  qw,  which  will  always  be 
some  quantity  larger  than  Qw.  Let  the  efficiency  of  any  such 
a  case  be  expressed  as 

■  Q. 

This  method,  it  is  true,  takes  no  cognizance  of  the  fact  that 
not  even  a  y)erfect  ammonia-machine  could  ever  hope  to  reach 
100  j)er  font,  efficiency.  For  this  reason  the  writer  would  per- 
sonally prefer  to  see  the  expression  for  the  efficiency  of  the 
machine  rrfrrred  to  that  of  a  perfect  ammonia-machine,  which 
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would  always  have  an  efficiency  less  than  that  expressed  by  (Tg  — 
"^i)  ^  'i\-  But  because  he  finds  that  the  average  engineer  looks 
askance  at  and  will  not  adopt  a  quantity  so  complex  in  its  com- 
putation as  the  efficiency  of  the  perfect  ammonia-compression - 
machine,  he  suggests  the  use  of  the  simpler  expression  just  given. 

2Ir.  S.  II.  Bunnell — The  adoption  of  an  arbitrary  capacity 
unit  is  much  like  certifying  officially  that  all  machines  have  the 
same  efficiency.  The  condition  imposed  on  the  makers  of  re- 
frigerating machinery  is  that  required  of  all  constructors  of 
machines — that  they  shall  be  able  to  perform  what  they  promise. 
To  do  this  satisfactorily  generally  means  that  the  speed  of  ma- 
chines must  not  be  too  high,  the  consumption  of  power  too  great, 
or  the  liability  of  accident  too  imminent.  If  the  manufacturer 
can  construct  an  apparatus  of  superior  efficiency  with  out  sacri- 
ficing essentials  such  as  these  he  should  have  the  benefit  of  his 
efforts. 

The  high  acting  slow  speed  American  compressor  with  pistons 
running  to  practical  contact  with  heads,  must  necessarily  displace 
more  ammonia  per  stroke  than  the  double-acting  machine  of 
same  cylinder  volume,  but  the  latter  may  make  up  for  clearance 
and  valve  loss  by  saving  in  friction  losses  on  account  of  avoiding 
the  idle  stroke.  An  arbitrary  unit  based  on  cylinder  dimensions 
alone  favor  small  and  inefficient  machines  by  giving  them  a 
rating  higher  than  they  deserve. 

The  builder  designs  his  compressor  with  regard  to  the  uni- 
versal requirement  of  maximum  efficiency  at  minimum  expense, 
and  selects  speed,  dimensions,  style,  materials  and  workmanship 
in  accordance  with  his  judgment.  He  must  not  build  or  run 
his  refrigerating  compressor  on  other  than  satisfactory  com- 
pressor lines.  But  the  ratio  of  useful  effect  to  theoretical 
capacity  depends  on  his  ability  as  designer  and  constructor,  not 
on  mere  cylinder  volume.  The  purchaser  of  a  refractory  plant 
wants  useful  effect,  and  generally  requires  a  practical  demonstra- 
tion, with  due  regard  to  the  power  consumption  and  other  ex- 
penses. If  a  constructor  wants  to  furnish  cylinders  with  a  larger 
clearance  in  order  to  obtain  certain  advantages  in  design  of 
valves,  the  provision  of  an  arbitrary  capacity  unit  gives  him  the 
right  to  claim  more  for  his  machine  than  it  can  do  in  com- 
parison with  some  single-acting  machine  without  appreciable 
clearance.  Xeither  75  per  cent,  or  any  other  figure  can  cover 
all  cases  correctly. 
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Wo  havo  already  two  iisofnl  units  of  refrigeration;  one,  that 
defined  by  ^Ir.  Bertseh  and  univcM'sally  used  in  America,  and  the 
other,  the  arbitrary  iee-niakint>'  unit,  the  ton  of  ice-making  capa- 
eitv,  equal  to  two  tons  of  refrigerating  or  simi)le  cooling  capacity. 
The  ice-making  unit  is  based  on  practical  results;  for  the  ice 
made  is  weighed  after  melting  from  cans  or  cutting  from  plates, 
and  some  of  the  refrigeration  is  dissipated  in  leakage  through 
tank  walls  and  other  losses  besides  direct  water  cooling.  The 
proposed  ice-making  standard  could  only  be  approached  in  large 
plants. 

A  practical  and  absolute  standard  has  been  adopted  by  the 
Ice  ^rachine  Builders'  Association  of  America.  It  may  be  com- 
pared with  the  definition  of  paragraph  6  of  the  recapitulation. 
With  a  condensing  pressure  of  185  pounds  gauge,  the  displace- 
ment of  the  compressor  must  be  such  that  it  wdll  pass  to  the  con- 
denser .462  i>ounds  of  saturated  ammonia  vapor  evaporated  at 
15.67  pounds  gauge  pressure  per  ton  per  minute.  I  do  not  see 
the  force  of  the  })oint  made  against  pressure  readings  and  in 
favor  of  temperatures.  Pressure  gauges  must  be  used  for 
safety's  sake,  and  may  well  be  supplemented  by  thermometers ; 
but  since  pressures  and  corresponding  temperatures  of  saturated 
ammonia  are  shown  side  by  side  on  the  gauge  dials  their  relation 
is  always  apparent.  Fractions  of  pounds  or  degrees  are  of  no 
importance  in  practical  design  and  operation. 

Mr.  Wrn.  T.  Magruder. — Will  the  author  please  inform  us 
why  he  prefers  to  use  (paragraph  14)  '^  142  British  thermal 
units  "  as  the  latent  heat  of  ice,  when  the  more  generally  accepted 
figure  is  144  British  thermal  units. 

Professor  Jacohus. — This  subject  would  be  made  much  clearer 
if  the  paper  were  di\aded  in  two  parts;  first,  that  relating  to 
standard  units  of  refrigeration ;  and  second,  that  recommending 
some  standard  way  of  rating  the  capacity  of  refrigerating  ma- 
chines. If  this  were  done  the  first  part  would  be  very  simple,  and 
the  standards  now  in  common  use, — the  ice-melting  capacity  and 
the  ice-making  capacity, — would  probably  be  all  that  would  need 
to  U'  considered.  When  we  come  to  the  second  part,  however, 
and  attempt  to  specify  what  shall  be  the  standard  rating  of  a 
refrigerating  machine,  we  have  a  complicated  problem  to  deal 
with.  Some  classes  of  machines  will  do  better  work  relatively 
to  others  at  high  temperatures  of  refrigeration  and  others  at  low; 
some  are  handicapped  by  warm  condensing  water  to  a  greater 
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extent  than  others,  and  it  will  be  very  hard  to  say  what  set  of 
conditions  will  be  fair  for  all  machines  or  whether  any  set  of 
conditions  can  be  selected  which  will  be  fair  for  all. 

Finally,  even  if  a  standard  set  of  conditions  are  selected  on 
which  to  base  the  rating  of  machines,  it  will  be  necessary  to  know 
the  actual  conditions  under  which  a  machine  is  to  be  operated 
before  we  can  estimate  the  work  that  the  machine  should  be  able 
to  accomplish. 

Mr.  J.  C.  Bertscli.^ — The  discussions  have  furnished  some  val- 
uable statements,  and  I  am  much  pleased  that  this  subject  has 
met  with  such  great  interest. 

]\Ir.  G.  T.  Voorhees  places  liimself  with  many  of  his  criticisms 
in  the  attitude  of  a  corrector  by  using  hair-splitting  methods  which 
should  have  been  omitted.  At  the  present  stage  of  the  question 
it  is  immaterial  whether  we  say  "Absorbed"  or  ''Taken  up;" 
"  set  free  "  or  ''  given  out;"  "  efficiency  "  or  ''  effective  capacity," 
etc. 

While  I  endeavor  to  fit  the  Standard  Unit  as  much  as  possible 
to  the  present  conditions,  Mr.  Voorhees  desires  to  cliange  most  of 
the  existing  conditions  to  make  them  fit  his  proposed  rules.  If 
he  would  study  manufacturing  methods  and  machine  shop  prac- 
tice, he  would  surely  realize  the  impossibility  to  change  the  exist- 
ing proportions  of  the  machines  so  radically ;  to  make  new  am- 
monia tables,  and  so  on. 

Mr.  Voorhees  proposed  first  to  consider  pressures  only  in  cal- 
culating the  refrigerating  capacity.  My  article  on  that  subject 
in  Ice  and  Befrigeration,  of  October,  1903,  induced  him  to 
"  amend  "  his  rules,  and  he  adopted  from  my  proposition  the  tem- 
perature of  condensing  water  for  his  condensing  pressure.  ]N^ow, 
if  temperatures  are  the  proper  thing  for  one  side,  why  shall  they 
not  be  proper  for  the  other  side  of  a  system  ? 

The  fact  that  differences  of  from  3  to  5  degrees  between  the 
refrigerant  and  the  substance  to  be  refrigerated  are  sufficient 
when  modern  apparatus  are  used  does  not  justify  the  making 
of  such  a  difference  the  standard.  At  least  90  per  cent,  of  the 
existing  and  future  plants  are  and  will  be  of  the  "  old-tune  brine 
tank  style,"  for  which  the  Standard  Unit  must  also  fit.  Besides, 
if  such  small  differences  should  be  adopted,  then  a  compressor 
displacement  of  5  cubic  feet  per  ton  is  much  too  large,  or  an 
efficiency  of  75  per  cent,  is  much  too  high. 

*  Author's  Closure,  under  the  Rules. 
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A  boiling  point  of  zero  would  produce  temperatures  of  from 
;>  to  :>  degrees,  which  are  far  below  the  practical  average.  But 
taking  15  degrees  as  the  actual  average  temperature  to  be  pro- 
duced, a  boiling  point  of  10  degrees  would  have  to  be  assumed, 
and  the  displacement  of  the  efficiency  would  be  as  follows : 

1.  Disj^l  a  cement. 

2'^WOO  ,  ^^,       ,  .    .    , 

=  4.051  cubic  feet. 


(549.85-SO)  X  0.13S3  x  IMO  x  0.75 
2.  Efficiency. 

284,000 


=  0.6133. 


(549.35-80)  X  0.1383  x  1440  x  5 

Such  a  displacement  of  efficiency  does  not  at  all  agree  with 
actual  practice,  and  is  at  variance  with  all,  even  with  Mr.  Yoor- 
hees's  own  proposition  of  a  Standard  Unit. 

Mr.  Thos.  Shipley  has  made  a  full  confession  in  favor  of  my 
proposition,  while  he  intended  to  oppose  the  same.  His  principal 
remarks  were : 

The  efficiency  of  a  compressor  is  83  per  cent,  instead  of  75 
per  cent. 

The  back  pressure  has  been  the  bone  of  contention 

Gauges  are  not  reliable  for  measuring  back  pressures 


All  of  this  Mr.  Shipley  found  out  b}^  conducting  a  test  with 
a  machine  put  up  for  that  special  purpose,  and  where  ^'  every 
means  possible  was  taken  to  guard  against  errors."  This  test 
was  made  by  three  experts  and  for  a  period  of  six  days. 

I  beg  to  ask  now  every  fair-minded  engineer  to  answer  the  fol- 
lowing (juestion :  "  If  a  machine,  built  and  put  up  with  all  possible 
care,  tested  by  three  eminent  experts,  with  all  the  assistance  to 
their  command  regardless  of  cost,  does  not  give  a  higher  efficiency 
tlian  83  per  cent.,  what  can  be  expected  of  a  machine  built  and 
put  up  in  comi>etition  with  ten  or  more  other  makes,  operated 
by  an  ordinary  engineer,  and  oftentimes  by  some  one  who  knows 
just  how  to  hold  an  oil  can,  run  for  twenty-four  hours  per  day 
during  a  period  of  about  six  months,  Avithout  any  appliance  to 
properly  control  the  proper  charge  of  ammonia,  running  short  on 
r-ondensing  water  and  working  against  many  other  unfavorable 
conditions, — what  efficiency  can  be  expected  of  such  a  machine 
representing  the  average  outfit?  " 

At  least  50  per  cent,  of  all  the  machines  in  commercial  opera- 
tion will  not  give  an  efficiency  of  75  per  cent.,  even  if  they  were 
all  of  the  single  acting  type.     But  when  it  comes  to  the  double 


STANDARD   UNIT   OF   REFRIGERATION.  319 

acting  machines,  with  the  entire  system  full  of  oil,  efficiencies 
of  from  50  to  60  per  cent,  will  be  a  fair  average. 

If  actual  tests  shall  be  made  for  finding  a  Standard  Unit,  then 
let  us  test  machines  in  commercial  operation  and  under  natural 
and  normal  conditions,  such  as  the  public  can  afford  to  main- 
tain. But  testing  especially  built  machines  at  the  manufacturer's 
place  by  experts  and  under  the  most  favorable  conditions  can 
be  called  anything  but  Standard. 

^Ir.  Shipley  is  in  favor  of  back  pressure,  but  he  admits  that 
gauges  are  not  reliable  for  measuring  same.  He  thinks  that  upon 
the  back  pressure  depends  the  work  done. 

The  logical  order  of  question  and  answer  is  simply  this :  ^^  What 
work  shall  be  done  ?  "  "  Producing  a  temperature  of  15  degrees." 
Well,  then  Ave  must  carry  a  back  pressure  of  about  15  pounds. 

We  see  on  this  simple  example  that  the  work  to  be  done  is 
the  first  consideration,  and  all  other  conditions,  even  the  back 
pressure,  must  be  arranged  accordingly.  The  public  knows  ex- 
actly what  temperatures  are  needed,  but  nobody  cares  for  the 
pressures  carried.  Hardly  5  per  cent,  of  all  the  ammonia  gauges 
are  correct  for  any  length  of  time,  which  is  confirmed  by  Mr. 
Shipley's  own  statement,  but  the  cheapest  thermometer  does  not 
differ  more  than  one  degree.  To  repair  a  gauge  takes  much  time 
and  is  expensive,  because  it  must  be  sent  to  the  factory,  but  a 
thermometer  can  be  bought  in  every  little  town.  All  the  work 
of  a  refrigerating  machine  is  controlled  by  the  temperature,  and 
the  owner  or  manager  of  an  ice  plant,  cold  storage  house  or  brew- 
ery will  certainly  not  order  his  engineer  to  keep  certain  back 
pressures,  but  they  simply  ask  for  certain  temperatures.  These 
are  some  of  the  reasons  why  I  propose  to  make  the  temperatures 
the  foundation  for  a  Standard  Unit,  and  not  the  pressures  of  the 
ammonia. 

Let  the  public  know  what  a  machine  can  do  and  how  the  work 
can  be  controlled,  instead  of  covering  defects  with  rules  and 
terms  which  can  not  be  understood  by  many. 

The  remarks  of  Mr.  S.  H.  Bunnell  are  ans"\vered  by  the  fore- 
going with  the  exception  of  the  item  A\ith  reference  to  gauges 
having  the  corresponding  temperatures  marked  on  the  dial.  We 
all  know,  and  Mr.  Shipley  is  the  authority  for  the  fact,  that  am- 
monia gauges  are  not  reliable,  as  most  of  them  are  from  1  to  15 
pounds  out.  But  if  the  readings  of  the  pressures  are  incorrect 
and    unreliable,  then    the    corresponding    temperatures    are    also 


320  STANDARD   UNIT   OF   REFRIGERATION. 

wronsr,  and  without  using*  a  thermometer  to  ascertain  the  true 
state  of  aifairs,  nobody  knows  the  conditions  under  which  the  work 
is  done. 

Tlie  (juestion  of  Professor  Wm.  T.  Magruder  I  will  answ^er 
thus :  '*  Since  the  quantity  of  284,000  British  thermal  units  is 
generally  adopted  as  the  cooling  effect  of  one  ton,  or  2,000  pounds, 
of  ice,  the  latent  heat  of  ice  is  accepted  as  being  142  British  ther- 
mal units." 
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No.  1026.* 

SPECIFICATIONS  FOR  BOILER  PLATE,  RIVET  STEEL, 
STEEL   CASTINGS  AND   STEEL  FORGINGS. 

Professor  Spangler. — You  may  remember  the  conditions  under 
Avhicb  this  Committee  was  appointed,  but  to  make  it  entirely 
clear  I  would  like  to  go  into  the  history  of  it  just  a  little.  There 
is  a  society  known  as  the  American  Society  for  Testing  Mate- 
rials, which  Avas  the  outgrowth  of  the  International  organization 
of  which  we  have  heard  a  great  deal  at  meetings  of  this  Society. 
Committee  ^o.  1  of  that  Society  prepared  a  series  of  specifica- 
tions, and  Mr.  Webster,  at  the  request  of  Mr.  Hutton,  presented 
these  specifications  at  a  meeting  of  this  Society,  and  asked  that 
a  committee  be  appointed  on  this  particular  subject.  A  com- 
mittee of  five  was  appointed,  consisting  of  Mr.  Cramp,  Mr. 
Kent,  Mr.  Morison,  Mr.  Waitt  and  myself.  In  the  usual  way 
copies  of  these  specifications  were  sent  to  various  inembers  of 
the  Society,  with  the  usual  result — that  is,  in  a  few  cases,  after 
writing  two  or  three  letters,  replies  were  received.  The  Com- 
mittee decided  to  submit,  at  this  time,  a  report  to  the  Society, 
subject  to  revision,  asking  that  the  report  be  sent  to  all  members 
of  the  Societv,  that  somethino-  like  a  full  written  discussion  from 
members  who  are  interested  in  the  subject  might  be  had,  and 
that  a  revised  report  be  formulated  at  some  future  time. 

It  seems  to  me  to  be  the  proper  procedure  that,  after  this 
Society  has  finished  whatever  work  it  may  decide  to  do,  the 
report,  together  with  the  report  of  all  the  committees  of  other 
societies  that  may  be  working  on  the  subject,  should  go  back  to 
Committee  Xo.  1 — that  is,  any  report  that  we  might  make 
should  be  rather  an  advisory  report  than  an  attem})t  at  a  finality. 
This  Committee  ISTo.  1  is  the  Committee  which  will  finally, 
I  believe,  formulate  specifications  under  which  work  of  this  sort 
is  to  be  done. 

With  this  as  an  introduction,  your  Committee  would  respect- 
fully report  as  follows : 


*  Presented  at  the  New  York  meeting  (December,  1903)  of  the  American  Society 
of  Mechanical  Engineers,  and  forming  part  of  Vohime  XXV.  of  the  Transactions. 
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SPECIFICATIONS   FOR   BOILER    PLATE,    RIVET   STEEL,    STEEL 
CASTINGS  AND  STEEL  FORGINGS. 

This  report  is  sent  out  subject  to  revision,  and  the  Committee  asks  that 
written  diseussion  be  sent  to  its  chairman  that  the  results  may  be  incorporated 
in  the  final  report  to  be  presented  at  the  New  York  meeting  of  the  Society. 

The  Conunittee  to  which  was  referred  the  question  of  specifications  for  boiler 
plate,  rivet  steel,  steel  casting;s  and  steel  forgings,  reports  that  it  has  used  the 
specifications  prepared  by  the  American  Branch  of  Committee  No.  1  of  the 
International  Association  for  Testing  Materials,  of  which  Mr.  Wm.  R.  Webster 
is  Chairman,  as  the  basis  of  its  work,  and  the  changes  hereafter  noted  are  recom- 
mended in  these  specifications. 

1.  That  tlie  maximum  sulphur  in  flange  or  boiler  steel  be  reduced  from 
.05  to  .04. 

2.  That  the  tensile  strength  be  specified  as  stated  in  the  table  with  an  allow- 
able variation  of  .5.000  pounds.  That  fire  box  steel  be  specified  at  55,000  pounds 
instead  of  57,000  pounds  per  square  inch.  That  the  determination  of  the  yield 
point  for  ordinary'  grades  be  omitted. 

3.  The    tensile    strength    of    castings    has    been     modified,    the     specified 

value  desired  being  stated,  and  the  variation,  5,000  pounds,  being  allowed. 

The  values,  as  recommended  by  Committee  No.  1,  and  by  this  Committee,  are 

as  follows: — 

Com.  No.  I's.  Recommended  by 

Minimum.  Committee. 

Soft 60,000  60,000  ±  5,000 

Medium 70,000  70,000  ±  5,000 

Hard   85,000  80,000  ±  5,000 

4.  The  elongation  in  8-in.  is  stated  instead  of  in  2-in.  and  an  increase  in  elonga- 
tion of  25%  is  called  for  on  the  2-in.  specimen. 

For  a  2-in.  specimen  from  castings  the  corresponding  elongations  are: 

Recommended  by 
Com.  No.  1.  this  Committee 

Soft 22%  20% 

Medium 18%,  17.5% 

Hard 15%o  15% 

5.  That  the  8-in.  .specimen  be  made  the  standard  specimen  and  the  2-in.  to 
be  u.se*i  only  when  it  is  inconvenient  to  use  the  8-in. 

6.  That  nickel  steel  forgings  and  oil  tempered  forgings  be  not  included  in 
thw  Kpecifioation,  because  the  present  state  of  the  art  does  not  warrant  general 
.Hpecification.s  being  drawn  for  these  materials. 

7.  Tliat  for  .H<^>ft  or  low  carbon  steel  forgings  the  chemical  rec^uiroments  be 
not  over  .fKJ  phosj)hr)rf)Us,  and  .05  sulphur,  instead  of  .10  pliosphorous  and 
.10  rariion. 

8.  Tliat  for  "rarbon  stc*;!  not  annealed"  the  term  "medium  steel"  be  used, 
and  that  the  sulphur  be  reduced  from  .06  to  .05  per  cent. 

9.  That,  wherever  it  is  desirable  that  the  elastic  limit  be  determined,  an 
extcnaometer  be  u.He<l,  and  tliat  the  clastic  limit  be  taken  as  "that  point  at 
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which  the  elongation  in  8-in.  per  1,000  pounds  of  added  stress  per  square  inch 
first  exceeds  four  ten-thousandths  of  an  inch."* 

10.  The  remainder  of  the  specifications  of  Committee  No.  1  are  recommended 
for  adoption,  and  are  here  re-arranged. 


Standard  Specificatioxs  for  Steel  Boiler  Plate,  Rivets,  Castings  and 

forgings. 

Process  of  Manufacture. 

Boiler  Plate  and  Rivet  Steel  shall  be  made  by  the  open  hearth  process. 
Castings  and  Forgings  may  be  made  by  the  open  hearth,  crucible,  or  Besse- 
mer process. 

Castings  may  be  annealed  or  unannealed  as  specified. 

Tensile  Tests. 

Test  piece — The  standard  test  specimen  shall  be  eight  inches  (8")  gauged 
length.     The  standard  shape  is  shown  in  Fig.  93. 


Fpceial  Committee 


Fig.  93. 

Width  of  specimen  along  the  parallel  section  shall  be  1^  inches,  whenever 
possible. 

Thickness  of  specimen  shall  be  one-half  inch  or  over,  whenever  possible. 

Plates— Two  opposite  sides  shall  be  the  rolled  surfaces  if  not  over  f-inch  thick. 

Rivets — Rivet  rounds  and  small  rolled  bars  shall  be  '"ested  full  size  as  rolled. 

Castings  and  Forgings — Specimen  may  be  planed  parallel  sided  or  turned 
parallel  for  not  less  than  9  inches  in  length,  the  smallest  dimension  being  ^-inch, 
if  possible. 

When  it  is  inconvenient  to  use  the  standard  test  specimen  the  specimen 
may  be  made  as  shown  in  Fig.  93.  In  every  such  specimen  the  elongation 
in  two  inches  will  be  25%  greater  than  that  specified  for  the  standard  specimen. 

Number  of  Test  Specimens. 

If  a  tensile  specimen  develops  flaws  or  breaks  outside  the  middle  third  of 
its  gauged  length,  another  may  be  substituted. 

*  The  "apparent  elastic  limit,"  suggested  by  Prof.  J.  B.  Johnson  in  his  "Ma- 
terials of  Construction,"  and  restated  by  William  Kent  in  Transactions  of  Amer- 
ican Institute  of  Mining  Engineers,  1903. 
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Plates — One  from  each  plate  as  it  is  rolled. 
Rivet  Roumh.— Two  from  each  melt. 

Castings  and  Forgings—Dependiivg:  upon  the  character  and  importance  of 
the  piece. 

Location  of  Test  Specimens. 

Castings—  \  tost  piece  shall  be  cut  cold  from  a  coupon  to  be  molded  and 
cast  on  some  portion  of  one  or  more  castings  from  each  melt  or  blow,  or  from 
the  sink-heads  (in  case  heads  of  sufficient  size  are  used.)  The  coupon  or  sink- 
liead  nmst  receive  the  same  treatment  as  the  casting  or  castings,  before  the 
specimen  is  cut  out,  and  before  the  coupon  or  sink-head  is  removed  from  the 
casting. 

Forgings — The  test  specimen  shall  be  cut  cold  from  the  forging  or  full-sized 
prolongation  of  the  same  parallel  to  the  axis  of  the  forging  and  half  way  be- 
tween the  center  and  outside,  the  specimens  to  be  longitudinal,  i.e.,  the  length 


Fig.  93. 

of  the  .specimen  to  correspond  with  the  direction  in  which  the  metal  is  most 
drawn  out  or  worked.  When  forgings  have  large  ends  or  collars,  the  test 
.sp>ecimens  shall  be  taken  from  a  prolongation  of  the  same  diameter  or  section 
Hs  that  of  the  forging  back  of  the  large  end  or  collar.  In  the  case  of  hollow 
.shafting,  either  forged  or  bored,  the  specimen  shall  be  taken  within  the  finished 
section  prolonged,  half  way  between  the  inner  and  outer  surface  of  the  wall  of 
the  forging. 

Bending  Tests. 

landing  tests  may  be  made  either  })y  pre.ssure  or  by  blows. 

Cold  bending  tests  are  to  be  made  on  the  material  in  the  condition  in  which 
it  i.s  to  be  used.  For  a  quenched  bending  test  the  specimen  shall  be  heated 
to  a  light  cherry-red  as  .seen  in  the  dark,  and  quenched  in  water,  the  tempera- 
ture of  which  is  between  80''  and  90''  Fahrenheit. 


Test  Specimen. 

Plates — One  and  one-half  inches  wide  and  if  f-inch  or  loss  in  thickness  with 
oppfisite  faroH  rollod.  If  over  |-irich  thick,  specimen  may  be  reduced  to  ^-inch. 
JExlf^efl  are  to  1>p  niillfd  or  planed. 
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Rivet  Rounds — Tested  full  size  as  rolled. 

Castings  and  Forgings — Specimen  one  inch  by  one-half  inch. 

Number  of  Test  Specimens. 

Plates — One  cold  bending  and  one  quenched  bending  specimen  from  each 
plate  as  it  is  rolled. 

Rivet  Rounds — Two  cold  bending  and  two  quenched  bending  specimens  for 
each  melt. 

Location  of  Specimen. 

Castings  and  Forgings — As  specified  for  tension  specimen. 

Chemical  Analysis. 

Turnings  from  tensile  specimen,  drillings  from  tensile  or  bending  specimen 
or  drillings  from  small  test  ingot  may  be  used  for  chemical  analysis. 

For  locomotive  fire  box  steel  check  analysis  may  be  required  from  the  tensile 
specimen  of  each  plate  as  rolled. 

Drop    Test. 

A  test  to  destruction  may  be  substituted  for  the  tensile  test,  in  the  case  of 
small  or  unimportant  castings,  by  selecting  three  castings  from  a  lot.  This 
test  shall  show  the  material  to  be  ductile  and  free  from  injurious  defects,  and 
suitable  for  the  purposes  intended.  A  lot  shall  consist  of  all  castings  from 
the  same  melt  or  blow,  annealed  in  the  same  furnace  charge. 

Perciission  Test. 

Large  castings  are  to  be  suspended  and  hammered  all  over.  No  cracks, 
flaws,  defects,  nor  weakness  shall  appear  after  such  treatment. 

Homogeneity  Test  for  Fire  Box  Steel. 

A  sample  taken  from  a  broken  tensile  test  specimen,  shall  not  show  any 
single  seam  or  cavity  more  than  one-fourth  inch  {\")  long  in  either  of  the  three 
fractures  obtained  as  described  below. 

A  portion  of  the  broken  tensile  specimen  is  either  nicked  with  a  chisel  or 
grooved  on  a  machine,  transversely  about  a  sixteenth  of  an  inch  (-,-(•")  deep, 
in  three  places  about  two  inches  (2")  apart.  The  first  groove  should  be  made 
on  one  side,  two  inches  (2")  from  the  square  end  of  the  specimen;  the  second, 
two  inches  (2")  from  it  on  the  opposite  side;  and  the  third,  two  inches  (2") 
from  the  last,  and  on  the  opposite  side  from  it.  The  test  specimen  is  then 
put  in  a  vice,  with  the  first  groove  about  a  quarter  of  an  inch  (Y)  above  the 
jaws,  care  being  taken  to  hold  it  firmly.  The  projecting  end  of  the  test  speci- 
men is  then  broken  off  by  means  of  a  hammer,  a  number  of  light  blows  being 
used,  and  the  bending  being  away  from  the  groove.  The  specimen  is  broken 
by  the  other  two  grooves  in  the  same  way.  The  object  of  this  treatment  is 
to  open  and  render  visible  to  the  eve  any  seams  due  to  failure  to  weld  up,  or 
to  foreign  interposed  matter,  or  cavities  due  to  gas  bubbles  in  the  ingot.    After 
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rupture,  one  side  of  each  fracture  is  examined,  a  pocket  lense  being  used  if  nec- 
essar>-,  and  tlie  lenixth  of  the  seams  and  cavities  is  determined. 

Branding- 

Everv-  finished  piece  of  steel  phite  shall  be  stamped  with  the  melt  number, 
and  each  plate,  castini:  or  forjiinii;  and  the  coupon  or  test  specimen  cut  from 
it.  shall  be  stamped  with  a  separate  identifying  mark  or  number.  Rivet  steel 
may  be  shipped  in  bundles  securely  wired  together  with  the  melt  number  on 
a  metal  tag  attached. 

Variation  in  Weight. 

The  variation  in  cross  section  or  weight  of  more  than  2^  per  cent,  from  that 
specified  will  be  sufficient  cause  for  rejection,  except  in  tho  case  of  sheared 
plates,  which  will  be  covered  by  the  following  permissible  variations: 

Plates  12^  pounds  per  square  foot  or  heavier,  up  to  100  inches  wide,  when 
ordered  to  weight,  shall  not  average  more  than  2^  per  cent,  variation  above 
or  2^  per  cent,  below  the  theoretical  weight.  When  100  inches  wide  and  over 
5  per  cent,  above  or  5  per  cent,  below  the  theoretical  weight. 

Plates  under  12J  pounds  per  square  foot,  when  ordered  to  weight,  shall  not 
average  a  greater  variation  than  the  following: 

Up  to  75  inches  wide,  2^  per  cent,  above  or  2^  per  cent,  below  the  theoretical 
weight.  75  inches  wide  up  to  100  inches  wide,  5  per  cent,  above  or  8  per  cent. 
below  the  theoretical  weight.  When  100  inches  wide  and  over  10  per  cent. 
above  or  3  per  cent,  below  the  theoretical  weight. 

For  all  plates  ordered  to  gauge,  there  will  be  permitted  an  average  excess 
of  weight  over  that  corresponding  to  the  dimensions  on  the  order  equal  in 
amount  to  that  specified  in  the  following  table: 


Table  of  Allowaxces  for  Overweight  for  Rectangular  Plates  When 

Ordered  to  Gauge. 

Plates   will   be   considered   up   to  gauge  if  measuring  not  over  yi(,-inch  less 
than  the  ordered  gauge. 
The  weight  of  1  cubic  inch  of  rolled  steel  is  assumed  to  be  0.2833  pound. 

Plates  ^-inch  and  over  in  thickness. 

Width  op  Plate. 

Thickne«H  of  plate. 
Inch. 

i 

h 
I 

h 

•I 

i 
Over  I 


Up  to  75  inches. 
Per  cent. 

7.5  to  100  inches. 
Per  cent. 

0' 

ver  100  inches. 
Per  cent. 

10 

14 

18 

S 

12 

16 

7 

10 

13 

f) 

8 

10 

5 

7 

9 

^ 

61 

8i 

4 

6 

8 

3i 

5 

6i 
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Plates  under 


Thickness  of  plate. 
Inch. 

1 

8 

up  to 

#.- 

.5.. 
32 

ii 

■h 

A 

ii 

4 

\   inch  in 

thickness 

Width 

OF 

Plate. 

Up  to  50  inches. 
Per  cent. 

50  inches  and  above. 
Per  cent. 

10 

15 

8i 

m 

7 

10 

Finish. 

All  material  must  have  workmanlike  finish. 

Plates  must  be  free  from  injurious  surface  defects  and  laminations. 

Castings  must  be  true  to  pattern,  free  from  blemish,  flaws  or  shrinkage  cracks. 
Bearing  surfaces  shall  be  solid  and  no  porosity  shall  be  allowed  in  positions 
where  the  resistance  and  value  of  the  castings  for  the  purpose  intended  will 
be  seriously  affected  thereby. 

Forgings  must  be  free  from  cracks,  flaws,  seams  or  other  injurious  imper- 
fections, and  must  conform  to  dimensions. 


Inspection. 
The  inspector  representing  the  purchaser  shall  have  all  reasonable  facilities 
afforded  to  him  by  the  manufacturer  to  satisfy  him  that  the  finished  material 
is  furnished  in  accordance  with  these  specifications.     All  tests  and  inspections 
shall  be  made  at  the  place  of  manufacture,  prior  to  shipment. 

Respectfully  submitted, 

H.  W.  Spangler,  Chairman. 


Chemical  Properties. 

Physical  Properties. 

Bending. 

Steel. 

Phos- 
phorus 
(not  over), 
per  cent. 

Sulphur 
(not 
over), 

per  cent. 

Manganese, 
per^cent. 

Tensile 

strength, 

lbs.  per  sq.  in. 

(Allowable 

variation, 

±  5,0C01b9.) 

oc  ^ 

.S  5j 
c  — 

O  C3 

o  <" 

bfiS 

3  U 

^1 

Boiler  Plate  & 

Rivet: 
Extra  soft.  .  . 

.04 

.04 

.30  to 

.50 

60,000 

28 1 

Flat. 

180 

Fire  box. .  . 

Acid,   .04 
Basic,  .03 

[.04 

.30  to 

.50 

55,000 

26 1 

Flat. 

180 

Flange    or { 
boiler  .  .  .  .  / 

Acid,   .06 
Basic,  .04 

}-  .04 

.30  to 

.60 

60,000 

25  t 

Flat. 

180 

Forgings  : 
Soft 

.06 

.06 
.04 

.05 
.05 
.04 

60,000 
70,000 
80,000* 

22 

16 

18 

35 
30 
35 

1" 

180 

Medium 

180 

High 

180 

Castings.     (When  physical  requirpments  are  not  specified  carbon  must  be  less 
than  40  per  cent,  and  phosphorus  less  than  .08  per  cent.) : 


Soft 
Medium 
Hard  .  . 


.05 
.05 
.05 


.05 
.05 
.05 


60,000 
70,000 
80,000 


16 
14 
12 


30 
25 
20 


1" 
1" 


120 
90 


*  For  carbon  steel,  to  be  annealed  and  having  no  diameter  nor  thickness  greater  than 
in  inches,  allow  a  reduction  of  1,000  pounds  for  each  additional  inch  in  diameter  or  m 
thickness  of  section. 

t  For  material  over  J  inch  thick  deduct  1  per  cent,  for  each  ^  inch  excess.  For  material 
under  y\  inch  thick  deduct  2^  per  cent,  for  each  is  inch  decrease. 

60 
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The  C'ominittoo  submits  this  as  a  tentative  report,  and  asks 
for  it  the  careful  consideration  of  the  members  of  the  Society 
who  are  interested  in  the  subject. 

J//'.  Ilenuing. — From  what  Professor  Spangler  has  said  I  am 
simply  amazed.     There  are  statements  made  in  the  report  which 
cannot  be  sui)ported.      The  determination  of  a  very  important 
]>r()perty  indicated  by  the  "yield  point"  has  been  dropped  be- 
cause it  has  become  the  custom  in  our  mills  to  run  machines  at 
such  speed  as  to  make  it  impossible  to  determine  it.     l^ow,  I  am 
going  to  stand  and  fight  for  this,  the  determination  of  this  point, 
until  I  am  dead.     It  is  time  to  put  a  stop  to  such  preposterous 
audacity.      I  tell  .you,  gentlemen,  as  engineers,  that  we  should 
rather  determine  the  permanence  and  the  actual  strength  of  all 
machines   and  structures,  not   by   the   ultimate   resistance,  the 
breaking  point,  but  solely  by  the  location  of   the  yield  point, 
that  point  at  which  the  material  begins  to  change  its  shape  per- 
manently.    A  lathe,  a  machine,  a  bridge  or  boiler,  once  it  begins 
to  change  its  shape  permanently,  is  ruined.     It  has  become  the 
custom  in  this  country  to  run  testing  machines  at  such  speed 
that  no  one  can  tell  whether  the  beam  is  floating  at  zero  and  in 
dicating  the  load  that  is  transmitted  to  the  test  piece,  and  I  aii: 
ready  to  prove  that  in  court  or  anywhere  else.     Under  such  con 
ditions  it  is  absolutely  impossible  to  determine  the  yield  point  o\ 
any  other  facts.     The  elastic  limit  is  something  w^e  need  not  tall 
alxjut,  because  it  is  difficult  to  determine,  except  by  the  mosf 
sensitive  apparatus.     The  method  here  described  is  absolutely  in 
accurate.      I  will  tell  you  why.     AYhen  you  determine  the  one 
thousandth  of  an  inch  of  elongation  it  can  only  be  done  by  ap- 
])lying  a  hjad  to  the  test  piece  and  taking  a  reading  by  very  deli- 
cate a])paratus;  it  must  read  to  the  ten-thousandth  of  an  inch  in 
order  to  get  accurately  the  thousandths  of  inches.    AVhen  you  take 
a  reading  and  stop  the  load  and  then  reload  that  material,  it  begins 
to  stretch  slightly,  but  the  yield  point  will  thereby  be  raised. 

1  wisli  to  prevent  such  a  report  going  into  print.  What  I  am 
stating  are  well  known  facts. 

Therefore,  I  do  not  want  such  specifications  proposed  when 
there  are  mc^thods  for  determining  the  yield  point  accurately — 
by  simply  running  the  testing  machine  at  a  pro})er  speed.  I  re- 
peat, that  by  running  a  machine  as  rapidly  as  stated,  no  one  can 
know  whether  the  beam  is  kept  floating  by  the  loads  applied  or 
by  inertia,  and  I  object  most  strongly  to  such  statements  appear- 
ing at  this  late  date  in  a  report  of  this  Society. 
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DISCUSSION. 


Mr.  Gus.  C.  Henning. — Proposed  specifications  treating  of  the 
subject  named  in  the  report  of  this  Special  Committee,  and  prac- 
tically identical  mth  it  were  proposed  for  discussion  at  the  Boston 
meeting  of  this  Society,  and  there  and  then  received  a  rather 
thorough  discussion  which  was  not  controverted. 

At  the  Saratoga  meeting  the  chairman  of  this  Special  Com- 
mittee made  a  verbal  report  which  again  called  forth  criticism 
which  has  not  been  proven  to  be  incorrect  by  the  Committee  in 
its  present  report. 

On  the  other  hand  the  chairman  makes  complaint  that  he  re- 
ceived but  slight  assistance  and  scant  courtesy  from  the  supposedly 
interested  membership,  by  reporting  as  follows :  ^*  In  the  usual 
way  copies  of  these  specifications  were  sent  to  various  members 
of  the  Society,  with  the  usual  result — that  is,  in  a  few  cases,  after 
writing  two  or  three  letters,  replies  were  received."  It  may  be 
necessary  to  point  out  at  this  time  and  place  that  the  Committee 
was  ap])ointed  to  develop  neither  new  specifications  nor  new 
methods  of  testing,  but  merely  to  evolve  from  existing  knowledge 
and  specifications  a  new  set  based  on  those  in  use,  from  wdiich 
would  be  eliminated  their  incompatible  differences  or  incon- 
gruities, or  clauses  which  had  become  unsuitable  or  useless,  and 
on  the  other  hand  to  bring  all  the  requirements  up  to  date. 

In  order  to  do  this  a  committee  should  be  composed  of  engin- 
eers who  are  intimately  familiar  with  the  subject  submitted  to 
them;  they  should  have  all  specifications  before  them;  be  famil- 
iar with  the  design  and  construction  of  the  products  covered  by 
these  specifications,  and  should  also  be  in  close  contact  with  the 
steel  works  and  shops  in  which  the  steel  is  made,  the  work  done 
and  the  material  tested. 

Only  such  engineers  can  properly  prepare  specifications  which 
will  be  generally  acceptable. 

In  spite  of  this  complaint  about  lack  of  co-operation,  the  com- 
mittee failed  to  avail  themselves  of  previous  criticism  of  the 
specifications  which  they  used  as  a  basis  for  their  Avork."^  The 
first  criticism  that  I  must  make  is  about  the  laxity  and  indefinite- 
ness  of  the  language,  and  the  errors  and  misunderstandings 
which  this  necessarily  introduces,  because  if  there  is  anything  an 

*  See  pages  642-657,  Vol.  XXIII. ,  Transactions,  A.  S.  M.  E. 
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accephible   specification   should   do,    it   is   to    specifically    specify 
(htail,   to  avoid   accidental   or   deliberate   misinterpretation. 

On  the  second  page  c^f  the  report  which  refers  to  castings,  it  is 
stated  that  2-inch  test-pieces  sliould  only  be  used  'Svhen  it  is  incon- 
venient to  use  the  8-inch."  Xow  it  is  a  well-known  fact  that  it  is 
never  inconvenient  to  cast  one  or  more  8-inch  test-pieces  with 
the  casting  when  only  one  or  several  of  them  are  made.  It  can 
only  be  inconvenient  to  the  manufacturer  when  it  does  not  suit 
liini  to  do  so  and  in  no  other  case. 

Tliese  specifications  are  to  be  followed  not  after  the  work  has 
been  done,  but  are  furnished  with  the  call  for  bids  and  are  sup- 
posed to  be  followed  from  beginning  to  the  end  of  the  work. 
Jlence  there  cannot  possibly  be  any  excuse  for  failure  to  provide 
8-inch  test-pieces  gated  from  the  castings  at  the  time  the  latter 
are  poured. 

On  the  third  page  of  the  report  which  refers  to  boiler  plate  test- 
pieces,  it  is  prescribed  that  the  '^  width  of  specimen  along  the 
parallel  section  shall  be  IJ  inch  whenever  possible."  Thi*s  is 
simply  an  absurd  concession!  Every  boiler  plate  is  many  inches 
\\'ide,  never  under  24  inches,  and  as  the  specimens  are  cut  out  of 
the  crop  ends  sheared  off  the  full  width  of  plates  there  never  can 
be  any  difficulty  of  obtaining  specimens  of  the  prescribed  width! 
Il  is  always  2>ossihle  to  obtain  specimens  1  \  inches  wide  in  the 
jjarallel  part^  except  when  the  rolling  mill  does  not  want  to  do  so ; 
nowadays  tests  are  invariably  made  at  the  rolling  mill.  Again  it  is 
specified  that :  "  When  it  is  inconvenient  to  use  the  standard  test 
specimen,  it  may  be  made  as  shown  in  Fig.  93,"  w^hicli  means 
that  a  specimen  of  ^-inch  diameter  and  2-inch  gauge  length  may 
be  used.  How  obliging  the  committee  intends  to  be  to  the  larg- 
est mills  who  roll  the  largest  plates  f-incli  thick  and  over!  No 
such  test-pieces  as  shown  could  be  cut  from  thinner  plates — 
just  examine  the  (iinicnsions:!  On  the  fifth  page  of  the  report  a 
"  drop  test  "  is  suggested  for  '^  small  and  unimportant  castings." 
Xow  what  is  the  use  of  testing  this  class  of  castings  at  all?  More- 
over there  is  not  one  drop-test  apparatus  in  existence  at  any  steel 
foundry  in  this  country  i)roper  for  this  kind  of  test.  At  only  a  few 
can  very  large  drops  be  found,  ample  to  break  up  very  large  cast- 
ings before  recharging  them  in  the  furnace.  A  hand  hammer  or 
sledge  would  seem  to  me  to  be  more  appropriate  for  the  purpose. 
But  what  is  the  use  of  testing  "  unimportant  castings  "  at  all  ? 
Do  standard  specifications  ever  refer  to  unimportant  material? 
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On  the  other  hand,  the  '^  percussion  test  "  is  prescribed  for  "  large 
castings  " ;  these  '^  are  to  be  suspended  and  hammered  all  over." 

Martens  *  defines  what  a  ''  percussion  test "  is  supposed  to  be 
by  those  familiar  with  it — it  is  a  very  different  test  from  that 
referred  to  in  the  specifications  which  is  everywhere — the  world 
over — known  as  the  "  hammer  test/' 

The  hammer  test  again  is  only  useful  in  case  of  small  castings, 
and  does  not  have  any  effect  on  large  ones.  How  then  can  it 
be  of  any  service  whatever  for  the  purpose  proposed? 

Again,  how  can  crushing  castings  in  the  large  drops  prove 
them  to  be  ^^  suitable  for  the  purposes  intended."  Such  lan- 
guage in  specifications  is  rather  ingenuous ! 

On  the  fifth  page,  under  '^  Homogeneity  Test,"  it  is  stated  that 
^'  a  sample  from  a  broken  tensile  test  specimen  shall  not  show 
any  single  seam  or  cavity  more  than  \  inch  long  in  either  of 
llie  three  fractures  obtained  as  described  below."  ^ow  it  is 
well  known  that  every  firebox  sheet  is  sheared  on  all  sides,  hence 
if  there  are  any  defects  in  any  sheet  a  competent  examination  of 
its  edges  vill  always  reveal  them  and  should  cause  its  rejection. 
Even  if  the  plates  containing  pitting  or  gas  holes  in  the  plates 
showed  only  under  a  magnifying  glass  this  would  be  ample  cause 
for  rejections!  What  is  the  use  of  looking  for  defects  \  inch  long 
with  a  magnifying  glass,  I  should  like  to  know.  They  can  be 
seen  by  the  naked  eye  at  a  distance  of  five  feet!  Let  us  exam- 
ine the  method  proposed  for  finding  such  ^-inch  defects  and  at 
the  same  time  note  carefully  the  language  used  which  prescribes 
the  use  of  a  '^  pocket  lens  "  for  finding*  ^-inch  defects! 

'^  A  portion  of  the  broken  tensile  specimen  is  either  nicked 
with  a  chisel  or  grooved  on  a  machine,  transversely  about  a  six- 
teenth of  an  inch  (A")  deep,  in  three  places  about  two  inches 
(2")  apart.  The  first  groove  should  he  made  on  one  side,  tico 
inches  (2")  from  the  square  end  of  the  specimen^  the  second, 
two  inches  (2")  from  it  on  the  opposite  side ;  and  the  tliird,  two 
inches  (2")  from  the  last,  and  on  the  opposite  side  from  it.  The 
test  specimen  is  then  put  in  a  vise,  with  the  first  groove  about 
a  quarter  of  an  inch  (:j")  above  the  jaws,  care  being  taken  to  hold 
it  firmly.  The  projecting  end  of  the  test  specimen  is  then 
broken  off  by  means  of  a  hammer,  a  number  of  light  blows  being 
used,  and  the  bending  being  away  from  the  groove.  The  speci- 
men is  broken  by  the  other  two  grooves  in  the  same  way.     The 

*  "  Martens's  Handbook  of  Testing  Materials,"  pp.  291-293. 
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object  of  this  tivatiiioiit  is  to  o[)en  aiul  render  visible  to  the  eye 
any  seams  duo  to  faihire  to  weld  up,  or  to  foreign  interposed 
matter,  or  cavities  due  to  gas  bubbles  in  the  ingot.  After  rup- 
ture, one  side  of  each  fracture  is  examined,  a  pocket  lens  being 
used  if  necessarv,  and  the  length  of  the  seams  and  cavities  is 
determined." 

It  will  be  noted  that  the  material  is  to  be  either  ''  nicked  with 
a  chisel  or  grooved  on  a  machine,  transversely  about  ^r  of  an 
inch  deep,"  and  the  elfect  of  this  nicking  on  the  steel  is  not  taken 
into  account  and  is  supposed  to  be  inappreciable  in  either  case, 
even  when  plates  vary  in  thickness  from  -|  inch  to  over  1  inch  thick- 
ness."^ Everyone  knows  that  very  different  results  are  produced. 
But  let  us  look  further.  It  is  specified  that  the  grooves  are  to  be 
made  in  three  places,  two  inches  apart;  '^  the  first  groove  on  one 
side  two  inches  from  the  square  end  of  the  specimen ;  the  second 
two  inches  from  it,  on  the  opposite  side ;  and  the  third  two  inches 
from  the  last  and  on  the  opposite  side  from  it." 

It  is  at  once  evident  that  two  nicks  will  come,  when  foUomng 
the  instructions,  two  inches  from  the  square  end  of  test  piece  and 
opj)osite  each  other,  and  the  third  four  inches  from  the  end, 
while  it  may  be  clear  that  this  was  not  at  all  intended  to  be  the 
case. 

But  let  us  proceed  and  examine  the  method  further  which 
prescribes  that  the  specimen  shall  be  "  broken  off  by  means  of  a 
liammer,  a  number  of  light  blows  being  used,  after  it  has  been 
j)ut  in  a  vise,  with  the  first  groove  about  a  quarter-inch  above  the 
jaws,  with  the  additional  wise  caution,  '^  care  must  be  taken  to 
hold  it  firmly." 

Let  us  remember  tliat  the  ends  of  these  test  pieces  are  from  -J 
to  one  inch  thick  and  two  inches  wide,  and  only  three  inches  long 
according  to  Fig.  02,  or  ^-inch  diameter  and  one  inch  long  ac- 
cording to  Fig.  98,  when  the  former  shape  ^'  is  inconvenient." 

Now  I  will  challenge  anyone  to  break  off  a  piece  of  fire-box 
plate  one  inch  thick  by  two  inches  wide,  scored  iV  inch  deep,  as 
prescribed,  when  clamped  firmly  in  a  vise,  by  means  of  light 
blows  of  a  hannner.  This  is  a  ridiculous  and  absurd  direction 
whicli  must  be  patent  to  all.  This  done,  it  is  prescribed  that 
"  the  specimen  is  broken  hy  the  other  two  grooves  in  the  same 
way."     Has  such   English   ever  before   been  used  in   Standard 

♦  These  HpecificatioDs  cover  ^-inch  plates,  as  they  aie  referred  to  on  seventh 
page  of  I  he  r»-i>ort. 
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Specifications  ?  The  next  important  point  which  I  am  bound  to 
again  criticise  is  the  proposed  omission  of  the  determination  of 
'•  yield  j^oint/'  and  definition  and  method  of  determination  of 
"  elastic  limit." 

It  is  proposed  ^  "  that  the  determination  of  the  yield  point  for 
ordinary  grades  be   omitted." 

The  use  of  the  words  "  ordinary  grades  "  has  undoubtedly 
been  resorted  to  to  ward  off  criticism. 

Let  us  look  at  the  meaning  of  the  word  ^^  ordinary.^^  The 
small  boy  applies  this  word  to  a  useless  dog  or  to  anotlier  boy  for 
whom,  he  has  no  respect  because  possessing  bad  habits  and  qual- 
ities. He  has  no  use  for  such  material.  Just  the  same  with 
boiler  plate.  What's  the  use  of  determining  its  yield-point, 
when  it's  just  ordinary,  no  good,  worthless !  That's  about  the 
idea  of  the  Committee. 

But  the  dictionary  defines  ''  ordinary  "  as  follows :  "  of  com- 
mon or  ordinary  occurrence,  customary,  usual."  Hence,  as 
these  specifications  are  supposed  to  apply  to  all  usual,  customary 
or  common  steel  of  ordinars^  occurrence,  this  word  does  actually 
apply  to  all  good  boiler  steel  except  that  of  extraordinary  quali- 
ties. Hence  the  committee  proposes  to  drop  the  determination 
of  the  yield  point  in  all  cases  of  testing  standard  qualities  of 
boiler  plate,  instead  of  only  of  the  inferior  gTades  which  are 
unworthy  of  consideration,  as  the  Committee  would  have  us 
believe. 

^ow  let  us  see  what  yield  point  is  and  how  it  is  determined 
easily  and  accurately  by  simplest  means.  Our  honorary  mem- 
ber. Professor  Unwin,  is  one  gentleman  who  tells  us  what  the 
yield  point  is   and  how  important  it  is   to   determine  it.f      ITn- 

*  Second  page  of  the  report,  paragraph  2. 

f  "  6.  IVie  Yield  Point. — In  iron  and  steel,  and  in  some  other  rolled  or  ham- 
mered materials,  at  a  stress  exceeding  more  or  less  the  elastic  limit,  there  occurs 
a  large  and  almost  sudden  increase  of  deformation  in  the  ordinary  method  of 
testing,  and  the  deformation  is  permanent,  or  plastic  deformation.  For  greater 
stresses  the  plastic  deformation  increases,  and  it  amounts,  before  fracture  is 
reached,  to  many  hundred  times  the  whole  elastic  deformation.  The  point  at 
which  this  almost  sudden  augmentation  of  plastic  deformation  occurs  is  termed 
the  yield  point  or  breaking  down  point.  It  is  obvious  that  a  general  plastic 
yielding  of  a  structure  would  ruin  it  for  practical  purposes,  hence  the  yield 
point  seems  to  fix  a  limit  of  stress  independent  of  that  determined  from  consid- 
erations of  safety  against  fracture  which  the  working  stress  should  not  exceed. 
The  yield  point  is  raised  by  loading  which  exceeds  the  primitive  yield  point, 
but  it  is  not  usually  practicable  to  raise  the  yield  point  of  a  material  artificially 
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win  savs,  p.  C)o,  '*  Xext  to  the  jield  point  the  most  important 
point  to  observe  is  the  point  where  the  maximum  load  is  reached." 

Professor  ]^[artens  '^'  is  another  authority  w^ho  emphasizes  the 
im}x>rtance  of  the  determination  of  yield  point  and  defines  clearly 
the  difference  l>etween  it  and  elastic  limit.  Martens  says,  p.  28, 
'*  The  vield  point  as  also  the  proportional  limit  are  well-defined 
jx>ints.''  Again  we  may  refer  to  our  late  member.  Prof.  J.  B. 
Johnson,  who  achipted  his  ideas  to  those  proposed  by  the  French 
Conunission  on  Methods  of  Testing  Materials,  but  unfortunately 
did  not  interpret  the  statements  published  in  their  language  cor- 
rectlv.  lie  translates  the  French  term  ''  la  limite  d'Flasticite 
Apparente  "  as  the  '^  apparent  elastic  limit,"  and  then  defines  it 
as  a  point  which  is  not  at  all  apparent,  but  can  only  be  deter- 
mined and  recognized  by  most  delicate  apparatus  and  ^vith  great 
care  and  much  labor.  The  very  meaning  of  the  word  ''  appar- 
ent "  is  as  foUow-s :  '^  clearly  perceived,  or  perceivable ;  easily 
understood,  evident."  The  fact  is  that  according  to  the  defini- 
tions of  Bauschniger,  Martens,  Tetmayer,  Bach,  Unwdn,  and 
many  others  it  is  readily  observable  by  any  careful  inspector  or 
engineer  in  a  mill,  and  does  not  require  a  laboratory  equipment 
with  most  highly  trained  assistants. 

Why  this  method  proposed  by  Johnson  for  determining  the 
'•  elastic  limit "  (when  his  French  models  distinctly  state  that 
they  coined  the  expression  to  indicate  the  '^  yield  point "  for 
wliich  they  had  no  word)  and  re-stated  by  Kent  in  Trans.  Amer. 
Inst.  Alining  Engrs.,  1903,  should  now  be  adopted  by  this 
committee  for  determining  a  doubtful  point  very  difficult  to 
ascertain,  is  difficult  to  understand.  Let  us  examine  w^hat  this 
method  proposed  by  Johnson  and  adopted  by  Kent  really  means 
and  leads  to.     Martens  says  on  p.  30 : 

"  This  is  the  proper  place  to  call  attention  to  a  very  important 
Tuisconception  wliich  is  produced  by  the  uncertainty  of  accurate 
definition  of  the  idea  of  elastic  limit,  and  the  existing  careless  dis- 
tinction between  proportional  and  elastic  limits  and  of  yield 
}»oint." 

Jf  you  will  read  the  references  to  Unw^in  and  Martens,  given 
lieretofore,  relating  to  yield  point,  you  will  find  that  adding  loads 

before  nsing  it  in  a  structure,  and  consequently  the  primitive  yield  point,  due  to 
the  nieclianiral  ojierations  of  manufacture,  fixes  with  respect  to  deformation  the 
dangerouH  limit  of  stress."  "The  Testing  of  Materials  of  Construction,"  W.  C. 
Unwin.  paj/es  7,  02.  03.  99,  250,  305. 

♦  "Hand-lK>ok  on  Tfsting  Material-","  Martens,  pages  28,  30,  44,  261,  etc. 
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successively  and  intermittently  always  raises  it  when  testing 
materials  like  boiler  plate.  Another  point  is  this,  that  the  yield 
point  shows  itself  very  suddenly  in  many  cases  within  an  incre- 
ment of  load  of  250  pounds  per  square  inch. 

The  plates  which  these  Specifications  refer  to  vary  from  ^  inch 
to  over  one  inch  in  thickness  as  the  allowable  variations  in  weight 
of  all  of  these  thicknesses  are  given  in  extensive  tables.  The 
proposed  increments  of  load  for  consecutive  measurements  of 
extension  are  1,000  pounds  per  square  inch,  ^ow  the  sections 
of  the  proposed  test-pieces  1^  ^  -g  inch  to  1^  x  1  inch  will  vary 
from  0.18  to  1.50  square  inch. 

The  necessary  load  on  the  testing  machines  to  produce  1,000 
pounds  per  square  inch  on  0.18  square  inch  section  will  be  180 
pounds.  It  is  a  practical  impossibility,  therefore,  to  make  such  a 
test  on  thin  plates  with  any  ordinary  machine,  and  it  is  impossible 
to  make  it  accurately  on  thicker  test-pieces  with  any  machine  run- 
ning at  the  speeds  customary  at  the  present  day  in  all  mills.  The 
mere  starting  and  stopping  of  such  a  machine  will  add  a  thousand 
pounds  more  or  less  to  an  indefinite  degree  to  my  own  knowledge, 
by  the  great  inertia  of  macliine  at  such  speeds  and  the  inertness 
of  all  operators  under  such  conditions. 

Moreover,  the  time  required  for  such  determination  of  what 
is  erroneously  called  '^  elastic  limit,"  but  should  have  been  called 
"  yield  point,"  is  so  great  and  troublesome  that  no  mill,  where 
the  testing  is  to  be  done  according  to  these  specifications,  would 
or  could  put  up  with  it.  It  would  simply  paralyze  all  the  mill- 
testing  laboratories  in  the  country.  Moreover,  the  yield  point 
makes  itself  as  quickly  apparent  on  a  large  as  well  as  on  a  small 
test  piece,  because  when  this  point  is  reached  the  material  seems 
to  break  down  instantaneously. 

The  fundamental  rule  for  making  all  tests  of  materials  is  to 
run  the  machine  so  as  to  add  equal  increments  of  load  continu- 
ously in  equal  intervals  of  time.  The  above  method  is  abso- 
lutely opposed  to  this  fundamental  rule  necessary  to  obtain  uni- 
form and  comparable  results. 

There  is  one  simjole  and  accurate  way  of  determining  the 
yield  jDoint,  which  should  be  done  in  every  case — as  the  yield 
point  is  the  most  important  point  to  b©  fixed  according  to  all 
authorities,  for  the  proper  design  of  all  machines  and  structures 
subject  to  varying  loads. 

This  simple  and  accurate  method  is  to  use  a  pair  of  finely 
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pointed  dividers,  with  a   reading  glass  mounted  on  one  leg  to 
show  accurately  what  is  happening  under  one  of  the  points. 

The  dividers  are  set  to  any  distance  about  eight  inches.  When 
the  dividers  have  then  been  set  on  the  test  piece  with  the  point 
of  one  leg  in  a  punch  mark,  a  fine  scribe-line  is  made  on  the  test 
piece  witli  the  other.  As  the  loading  then  proceeds,  stretching 
at  a  uniform  rate  will  become  apparent  as  the  scribed  line  moves 
awav  from  the  point  of  the  dividers.  Instantly  the  yield-point 
i-  reached  the  rate  of  extension  increases  Avith  remarkable  speed 
in  a  striking  nuinner  and  the  operator  then  takes  a  reading  of 
load  without  any  disturbance  or  interruption  in  the  operation  of 
the  test. 

This  method  is  quite  within  the  capacity  of  all  those  usually 
employed  in  making  routine  tests  in  shops  and  mills,  and  gives 
accurate  results  wherever  desired. 

There  is  another  suggestion  I  should  like  to  make  to  the  com- 
mittee as  it  has  had  such  difficulty  in  obtaining  assistance  in  pre- 
paring these  proposed  standard  specifications. 

I  refer  to  Figs.  92  and  93,  in  which  account  has  been  taken 
of  metric  dimensions  *  after  this  Society  last  spring  decided  to 
have  nothing  to  do  with  the  metric  system,  as  it  was  no  good  at 
the  present  time,  in  fact  being  hardly  in  general  use  anywhere. 

These  figures  show  metric  dimension  to  the  hundredths  of  a 
millimetre.  A  hundredth  of  a  millimetre  is  not  quite  .0004 
inch,  and  our  mechanics  and  those  using  the  metric  standards 
might  become  perjdexed  and  get  these  dimensions  incorrect  to 
one  of  two  hundredths  of  a  millimetre.  Had  not  these  fractions 
better  be  left  off^ 

^foreover,  if  the  approximate  metric  measures  were  substi- 
tuted, the  principal  dimensions  of  the  proposed  test-pieces  would 
be  almost  identical  with  those  used  in  continental  Europe.  But 
I  have  little  hopes  that  our  committee  will  drop  a  decimal  of  a 
millimetre  in  the  radius  of  a  fillet  or  in  the  total  lengths  and 
dimensions  as  shown.  Moreover,  there  is  one  positive  error  in 
Fig.  92.  There  should  not  be  eight  divisions  of  the  <S-inch 
^auge  lengtli,  hut  twenty  of  0.40  inch  each,  which  is  practically 
the  same  as  the  centimetre  divisions  which  the  Europeans  have 
adopted.  The  one-inch  divisions  are  much  too  large  for  measur- 
ing tlie  proportional  elongation  of  the  test-piece,  and  those  0.40 
inch  are  just  about  right,  and  results  measured  thereon  can  be 

*  F^litor  : — These  metric  dimensions  have  been  omitted  in  revision. 
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readily  compared  with  those  obtained  in  Europe  or  published  in 
the  most  valuable  foreign  reports,  and  without  introducing  any 
measurable  errors. 

It  is  not  possible  to  prepare  one  set  of  Standard  Specifications 
to  cover  boiler  plate,  rivet  steel,  steel  castings  and  forgings. 

This  is  demonstrated  by  the  fact  that  in  the  report  before  us 
specifications  for  tank  or  sheet  steel  have  become  mixed  up  with 
those  for  boiler  plate,  as  ^^^11  be  seen  by  comparing  the  tables  of 
allowable  variations  in  weight  of  plates.  One  table  refers  to 
boiler  plate  from  ^  inch  thickness  and  over,  wdiile  the  other 
refers  to  all  sheets  J  inch  in  thickness  and  under.  It  is  a  well- 
known  fact  that  such  thin  plates  are  never  used  in  boiler  con- 
struction, hence  any  reference  to  them  in  this  paper  is  quite  out 
of  place.  Much  more  might  be  criticised  in  the  report  as  to  the 
indefiniteness  as  to  how  many  tests  shall  be  made,  what  facilities 
for  making  them  shall  be  provided,  and  who  shall  provide  them. 

In  these  Specifications  everything  referring  to  these  matters 
is  left  entirely  to  the  good  will  of  the  steel  maker,  and  no  author- 
ity is  given  to  the  purchaser  of  the  material,  who  is  the  first  party 
to  be  satisfied. 

It  is  to  be  hoped  that  this  review  of  the  report  vdW  give  the 
members  of  the  committee  cause  for  reflection,  and  enable  them 
to  produce  a  report  more  nearly  up  to  the  present  time  in  the 
field  of  testing  materials  and  to  prepare  practical  and  useful 
Standard  Specifications,  which  ^\dll  serve  the  objects  of  the  en- 
gineer as  well  as  those  of  the  steel  maker.  The  apparent  result 
of  producing  those  before  us  has  been  a  rather  sad  one. 

Jl7\  W.    W.  Dingee. — 

Racine,  Wis.,  U.  S.  A.,  November  14,  1903. 
Prof.  F.  R.  Hutton: 

Dear  Sir:  In  response  to  circular  Xo.  979,  I  would  say  that  for  the  past  seven 
years  the  J.  I.  Case  Threshing  Machine  Company  of  Racine,  Wis.,  have  furnished 
their  Purchasing  Agent  with  specifications  for  all  the  various  material  used  in 
their  business.  They  have  a  well  ecjuipped  Chemical  and  Physical  laboratory 
where  these  specij&cations  are  prepared  and  where  samples  of  all  material  re- 
ceived are  tested  to  see  that  they  come  up  to  requirements.  These  specifica- 
tions embody  the  result  of  our  long  experience  in  the  requirements  of  material 
for  our  special  purposes  and  as  a  result  we  now  have  control  of  many  subtle 
influences  that  formerly  were  not  understood  and  the  tendency  of  w^hich  was 
to  make  the  life  of  a  manufacturer  a  burden. 

Enclosed  are  samples  of  these  papers  touching  the  subject  matter  under  con- 
sideration and  which  may  be  made  a  part  of  the  discussion. 

Yours  truly, 
(Enclosure.)  W.  W.  Dingee. 
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'No.  307. 

SPECIFICATIOXS    FOR   BOILER   RIVETS. 

The  rivets  purchased  under  this  specification  are  to  be  made 
of  the  best  grade  of  Open-Hearth  steel,  and  should  be  formed  in 
solid  steol  dies,  i.e.^  closed  dies. 

The  rivets  must  be  exact  in  size  and  fit  the  metallic  gauges 
furnished  by  the  J.  I.  Case  T.  M.  Co. 

In  the  event  of  no  gauge  being  furnished  it  is  understood  that 
the  shape  and  dimensions  are  to  conform  to  the  blue  prints  fur- 
nished by  the  company,  or  to  a  regular  stock  sample. 

The  body  of  the  rivet  should  be  perfectly  round,  exact  in  size, 
and  free  from  oxide  or  scftle. 

The  liead  should  be  in  accordance  with  the  metallic  gauge, 
blue  print,  or  sample. 

The  rivets  must  be  free  from  all  injurious  defects,  be  finished 
in  a  workmanlike  manner,  and  fulfill  the  following  requirements: 

Physical  Test. 

Cold  Bending  Nick  Test. — Nicked  Avith  a  cold  chisel  on  one 
side  of  the  shank  or  body,  the  rivet  must  bend  double  (away  from 
the  nick),  flat  upon  itself  (i.e.,  180  degrees)  without  breaking. 

XoTE  — A  hand  cold  chisel  must  be  used  in  nicking  the  test  pieces,  and  a  ham- 
mer of  not  o\'er  three  pounds  in  weight  used  for  striking  the  chisel.  No  rivet 
will  stand  the  bending  test  if  nicked  deeper  than  one-fourth  the  diameter  of  the 
rivet. 

Quench  Test. — Heated  to  a  cherry-red,  quenched  in  water  at 
a  temperature  of  80  degrees  Fahr.,  and  then  nicked  on  the  side 
with  a  cold  chisel,  the  rivet  must  bend  double  (away  from  the 
nick),  flat  upon  itself  without  breaking. 

Dish  Test  (Cold). — A  rivet  held  in  an  upright  manner  or  ver- 
tical position,  under  the  trip  or  drop  hammer,  and  flattened  by 
repeated  blows  to  a  circular  disk  must  show  no  signs  of  ^^  cold 
shortness,"  i.e.,  must  not  crack,  split  or  crumble. 

Flat  Test  (Hot). — A  rivet  heated  to  a  bright  cherry-red  and 
placed  in  a  flat  or  horizontal  position  under  the  hammer,  must 
show  no  signs  of  ''  red  shortness  "  {i.e.,  must  not  crumble),  when 
flattened  to  a  thickness  of  one-fifth  the  original  diameter  of  the 
body. 
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Chemical  Composition. 

Rivets  which  will  pass  all  of  the  required  physical  tests  should 
be  within  the  following  limits  in  regard  to  composition: 

Phosphorus  should  not  exceed  0 .  03  per  cent. 
Sulphur  "         "  "       .025  "     " 

Silicon  "         "  ''       .02     "     " 

Manganese      "         "  "       .50     "     " 

Carhon  "        "  "       .15     "     " 

Remarks. — Material  will  not  be  accepted  which  fails  to  meet 
the  requirements  in  regard  to  size,  uniformity  and  gauge  dimen- 
sions. 

Failure  of  more  than  five  per  cent,  of  the  rivets  to  pass  the 
physical  tests  will  be  cause  for  rejectment. 

(A  certain  number  of  rivets  will  be  taken  from  each  keg  or 
package  for  the  physical  test,  and  such  test  decides  the  acceptance 
or  rejectment  of  that  package  in  particular,  but  if  more  than  half 
of  the  individual  tests  fail,  the  whole  lot  may  be  rejected.) 

Material  will  also  be  rejected  which  shows  on  analysis: 

Phosphorus  over  0 .  04    percent. 
Sulphur  "       .035     "       " 

Any  alteration  in  this  specification,  either  in  the  physical  re- 
quirements or  the  chemical  composition,  must  be  stated  in  writ- 
ing at  the  time  of  contract  and  signed  by  the  party  furnishing  the 
material,   also  by  the  Purchasing  Agent. 

E'o.  302. 

SPECIFICATIOXS   FOE   STEEL   CASTmGS. 

Steel  for  castings  may  be  made  by  either  the  Open  Hearth, 
Crucible,  or  Tropenas  Bessemer  Process;  preference  being  given 
the  open-hearth  product. 

The  castings  must  be  true  to  pattern,  free  from  external  blem- 
ishes, blow  holes,  shrinkage  cracks,  cold  shuts  and  other  injurious 
defects. 

Xo  porosity  shall  be  allowed  in  portions  where  the  resistance 
and  value  of  the  casting,  for  the  purpose  intended,  will  be  seri- 
ously affected  thereby. 
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The  eastings  are  to  be  annealed  or  im-annealed,  as  specified  by 
the  purehasinii'  agent  under  the  head  of  remarks. 

If  anneakni,  the  castings  must  receive  a  proper  heat  treatment 
and  be  given  a  sufficient  time  in  which  to  cool,  so  that  all  internal 
strains  are  relieved  and  the  metal  assumes  its  proper  degree  of 
ductility. 

Large  castings  suspended  and  hammered  all  over,  should  not 
after  this  treatment  show  any  defect  or  weakness. 

The  castings  must  be  properly  cleaned  and  free  from  sand, 
scale,  etc. 

Steel  castings  will  be  divided  into  three  classes:  Soft,  Medium 
and  Hard. 

The  physical  qualities  and  chemical  composition  of  the  differ- 
ent grades  or  classes  must  conform  to  the  following  require- 
ments. 

Soft  Cast  Steel. 

Physical  Test. 

Test  pieces  for  the  physical  test  may  be  cut  cold  from  a 
coupon,  molded  and  cast  on  some  portion  of  one  or  more  castings 
from  each  melt,  or  from  a  sink  head,  riser  or  sprue,  on  such 
castings. 

The  test  piece  should  be  fashioned  so  as  to  give  a  gauged 
length  of  two  inches  and  about  one-half  inch  diameter. 

A  bending  test  made  on  a  specimen  one  inch  wide  and  about 
one-half  inch  thick,  must  bend  cold,  around  a  diameter  of  one 
inch,  through  an  angle  of  120  degrees  without  fracture  on  the 
outside  of  the  bent  portion. 

Tensile  Strength  must  not  be  less  than  58,000  pounds  per 
sfpiare  inch. 

Elastic  Limit  must  not  be  less  than  27,000  pounds  per 'square 
inch. 

Elongation  measured  in  2  inches,  must  not  be  less  than  22.  per 
cent.,  and  the  reduction  in  area  should  not  be  less  than  30.  per 
cent. 

Chemical  Composition. 

Carbon  may  range  from  0.10  to  0.22  per  cent. 

Manganese      "         "  "       .20  "     .75     "       " 

PhoHphoruH  must      not       exceed   .08     "       " 

Sulphur  "  "  "       .06     "       " 

Silicon         shoulfl         not  exceed   .40     "       " 
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Medium  Cast  Steel. 

Physical  Test. 

TensiU  Strength  must  not  be  less  than  65,000  pounds  per 
square  inch. 

Elastic  Limit  must  not  be  less  than  31,000  pounds  per  square 
inch. 

Elongation  measured  in  2  inches,  must  not  be  less  than  IS.  per 

cent.,  and  the  reduction  in  area  should  not  be  less  than  25.  per 

cent. 

Chemical  Composition. 

Carbon  may  range  from  0 .  22  to  0 .  35  per  cent. 

Manganese  "         "           "       .25  "     .80     "       " 

Phosphorus  must      not       exceed    .07     "       " 

Sulphur  "           "             "         .05     "       " 

Silicon  should       not          exceed    .35     "       " 

Hard  Cast  Steel. 

Physical  Test. 

Tensile  Strength  must  not  be  less  than  80,000  pounds  per 
square  inch. 

Elastic  Limit  must  not  be  less  than  39,000  pounds  per  square 
inch. 

Elongation  measured  in  2  inches,  must  not  be  less  than  12. 

per  cent.,  and  the  reduction  in  area  should  not  be  less  than  20. 

per  cent. 

Chemical  Composition. 

Carbon  may  range  from  0 .  35  to  0 .  50  per  cent. 

Manganese  "         "         "         .30  "     .85     "       " 

Phosphorus  must      not       exceed    .06     "       " 

Sulphur  "           "               "       .04     "       " 

Silicon  should        not       exceed    .30     "       " 

When  no  special  grade  or  class  is  specified  by  the  purchasing 
agent,  the  material  may  be  anywhere  within  the  limits  of  a  soft 
and  hard  steel. 

Note. — It  will  be  noticed  that  the  specified  chemical  composition  is  not  at  all 
rigid  except  in  the  case  of  phosphorus  and  sulphur. 

Experience  has  shown  that  phosphorus  in  unworked  steel,  if  very  high,  pro- 
duces extreme  brittleness  by  making  the  material  "cold  short." 

High  sulphur  produces  "red  shortness,"  increases  shrinkage,  makes  the  cast- 
ing hard,  and  indirectly  causes  blow  holes. 

Manganese  stiffens  the  steel,  raises  the  elastic  limit,  partially  neutralizes  the 
effect  of  sulphur,  eliminates  the  occluded  gases,  and  in  a  measure  prevents  blow 
holes. 

Silicon  in  the  initial  charge  raises  the  heat  and  imparts  fluidity;  in  the  final 
product  It  has  a  tendency  to  impart  rigidity  and  hardness. 
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Aluminiuni,  either  puiv,  or  in  tlie  form  of  "  Ferro-nlunrmiutn "  is  jroiier- 
allv  added  to  the  melted  steel  for  the  purpose  of  (|uieting  the  bath,  raisinjj;  the 
heat,  purifyini:  the  metal,  and  impartiiiii;  <>;reater  fluidity;  an  excessive  amount 
of  alumiinum  added  to  a  steel  low  in  manganese,  will  often  produce  a  segregated 
porosity  in  the  material.- 

Blow  holes  in  steel  castings  are  the  most  common  cause  of  trouble,  and  the 
defect  is  seldom  discovered  until  the  casting  breaks. 

Porosity  or  spongy  places  in  castings  are  also  a  source  of  trouble;  this  may 
in  a  measure  be  avoided  by  the  use  of  fillets  in  sharp  corners  and  angles,  and 
by  changing  the  form  of  the  pattern  so  as  to  relieve  the  draw. 

Under  the  head  of  physical  test  we  have  allowed  an  elastic  limit  of  less  than 
half  the  ultimate  tensile  strength,  usually  however,  it  will  be  higher,  and  in  the 
high  carbons,  somewhat  closer  to  the  breaking  point. 

Carbon  is  not  rigidly  specified,  as  noticed  in  the  adoption  of  the  word 
"should,"  which  implies  that  the  maker  be  allowed  a  reasonable  variation  in 
order  to  get  the  desired  strength. 

We  reserve  the  right  to  use  the  drop  test  or  any  other  reasonable  test  to  de- 
termine the  quality  of  the  material  and  its  freedom  from  blow  holes  or  other 
flaws. 

Instruction  in  regard  to  annealing,  and  such  changes  as  the  purchasing 
agent  may  decide  on  in  respect  to  physical  requirements,  chemical  composition, 
etc.,  must  be  stated  in  writing  and  signed  by  the  party  in  question. 

Ko.  324. 

SPECIFICATIOiS^S  FOR  STEEL  RIVET  RODS. 

Two  grades  of  steel  are  considered  in  this  specification  and 
are  to  be  designated  as  ''  Extra  Quality  ''  (Class  A),  and  ''  Or- 
dinary Quality  "  (Class  B). 

Class  A  is  to  be  a  mild  steel  of  superior  quality,  made  by  the 
Open-IIearth  process. 

Class  B  is  to  be  a  good  grade  of  soft  steel,  made  b}^  the  Open- 
ITearth  or  Bessemer  process,  as  ordered  and  agreed  upon  at  the 
time  of  contract. 

Both  grades  of  material  must  be  free  from  injurious  defects, 
be  free  from  excess  of  scale,  finished  in  a  workmanlike  manner, 
and  conform  to  the  requirements  of  the  physical  test  and  the 
chemical  composition. 

"  Extra  Quality  (Class  A)." 

Chemical  Composition. 

Phosphorus  must  not  exceed  0.03  per  cent 

Sulphur          "       "           "  .025  "       " 

A/an//an^.sfi  should  not  exceed  .50  "       " 

Carbfm             "         "         "  .15  "       " 

SUicon             "        "         "  .02  "       " 
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Material  will  not  be  accepted  which  shows  on  analysis: 

Phosphorus  ahoxe  0 .  04    per  cent. 
Sulphur  "         .035 


i(       ii 


Physical  Tests. 

The  Tensile  Strength  should  not  be  less  than  55,000  pounds 
or  more  than  62,000  pounds  per  square  inch. 

The  Elastic  Limit  must  not  be  less  than  one-half  the  ultimate 
strength. 

The  Elongation^  measured  in  8  inches,  should  not  be  less  than 
28.00  per  cent. 

Material  mil  not  be  accepted  which  shows  a  tensile  strength 
of  less  than  45,000  pounds  or  more  than  65,000  pounds  per 
square  inch. 

"  Oedinary  Quality  (Class  B)." 

Chemical  Composition. 

Phosphorus  must  not  exceed  0.09  per  cent 
Sulphur  .05 

Manganese  should  not  exceed     .50     "       " 
Carbon  "         "         "         .15     ''       " 

Silicon  "         "         "         .05     "       " 

Material  will  not  be  accepted  which  shows  on  analysis: 

Phosphorus  above  0.10  per  cent. 
Sulphur  "         .06 


l(  u 


Physical  Tests. 

The  Tensile  Strength  should  not  be  less  than  52,000  pounds  or 
more  than  62,000  pounds  per  square  inch. 

The  Elastic  Limit  must  not  be  less  than  one-half  the  ultimate 
strength. 

The  Elongation,  measured  in  8  inches,  should  not  be  less  than 
26.00  per  cent. 

Material  will  not  be  accepted  which  shows  a  tensile  strength 
of  less  than  45,000  pounds  or  more  than  70,000  pounds  per 
square  inch. 

Cold  Bendiy-ig  Test. — Class  A  and  B  material  must  bend  flat 
upon  itself  (180  degrees)  mthout  shomng  signs  of  fracture  on 
the  outside  portion  of  the  bend. 

Quench  Test. — Class  A  or  B  must  show  no  signs  of  fracture 
when  bent  flat  upon  itself,  after  heating  to  a  cherry  red  and 
quenching  in  water. 
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Hammer  Test. — Class  A,  material  heated  to  a  bright  cherry  red 
and  drawn  out  under  the  hammer  to  a  thickness^  at  the  point, 
to  one-fifth  its  original  diameter  must  not  split,  crack  or  crumble. 

Class  B,  treated  in  the  same  manner  must  not  crack  or 
crumble  when  hammered  to  a  thickness  equal  to  one-third  the 
original  diameter  of  the  rod. 

Anv  alteration  in  this  specification  in  regard  to  composition 
or  physical  requirements  pertaining  to  either  class  of  material 
must  be  stated  in  writing  at  the  time  of  contract  and  signed  by 
the  Purchasing  Agent  and  the  party  furnishing  the  material. 

No.  287. 

SPECIFICATIONS  FOE  BOILEE  PLATE,  FIKE  BOX  AND 

FLANGE   STEEL. 

Boiler  Shell  Plates,  Front  Tube  Plates  and  Butt  Strips. 

The  material  purchased  under  this  specification  is  understood 
to  be  a  superior  grade  of  '^  Open-Hearth  "  steel. 

It  must  be  homogeneous  in  structure,  free  from  blister,  cracks 
and  other  injurious  flaws  or  defects. 

It  must  also  fulfil  all  the  requirements  of  the  following 
physical  test: 

Physical  Test. 

Tensile  Strength. — The  ultimate  breaking  strain  must  not  be 
less  than  52,000  pounds  or  more  than  65,000  pounds  per  square 
inch. 

Elastic  Limit. — The  elastic  limit  must  not  be  less  than  one- 
half  of  the  ultimate  tensile  strength. 

Elongation. — The  elongation  measured  in  eight  (8)  inches, 
must  not  be  less  than  the  following  per  cent.,  according  to  thick- 
ness: 

20  per  cent,  for  plate  I  in.  and  under. 
22  "       "       "     "       g  to  f  in.  thick. 
25   "       "       "     "       3  in.  and  over. 

Cold  Bending  Test. — The  specimen  must  bend  flat  upon  itself 
(180  degrees),  without  showing  signs  of  fracture  at  any  part  of 
the  bend. 

Quench  Test. — A  piece  of  the  steel  plate  heated  to  a  bright 
cherry-red  color,   then  quenched  in  water  at  a  temperature  of 
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82  degrees  Fahr.  must  bend  around  a  curve  equal  to  one  and  one- 
half  (IJ)  times  the  thickness  of  the  plate  without  showing  signs 
of  fracture  on  the  outside  portion  of  the  bend. 

Chemical  Co7nposition. 

In  order  to  meet  all  the  requirements  of  the  physical  test  and 
be  within  the  limits  of  a  superior  grade  of  Open-Hearth  steel, 
the  chemical  constituents  must  conform  to  the  follo^ving  speci- 
fied percentage: 

Carbon,  not  under  0.12  or  above  0.20  per  cent. 
Phosphorus,           not  above  .04     "       " 

Sulphur,  "         "  .04     "       " 

Manganese,  "         "  .50     "       " 

Silicon,  "         "  .05     "       " 

Rejectment. — Material  will  be   rejected  which  shows: 

(1)  A  tensile  strength  of  less  than  50,000  pounds  per  square 
inch  or  more  than  65,000  pounds  unless  the  elongation  is  28 
per  cent,  or  more. 

(2)  An  elongation  less  than  the  quotient  of  1,400,000,  divided 
bv  the  tensile  strength  per  square  inch. 

(3)  Failure  to  pass  the  cold  bending  or  the  quench  test. 

(4)  Phosphorus  above  0.05  per  cent.  Sulphur  above  .05  per 
cent. 

I^ire  Box  and  Back  Tube  Plate. 

The  material  desired  under  this  heading  is  understood  to  be 
the  best  grade  of  '^  Open-Hearth  "  steel  that  it  is  possible  to 
make  by  modern  methods. 

Metal  of  the  follo^\dng  composition  is  desired. 

Carbon,  0.18  percent. 

PAosp/iorus,  not  above    .03     "       " 
Sulphur,  "       "         .02 

Manganese,     "       "         .40     "       " 
Silicon,  "      "         .02     "       " 

Material  will  be  rejected  which  shows  on  analysis: 

Carbon,  below  0 .  14  or  over  0 .  25    per  cent. 
Phosphorus,  above  .035     "       " 

Sulphur,  "  .045     "      " 

Manganese,  "  .50       "       " 

Silicon,  "  .05       "       " 
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Physical  Test. 

This  steol  should  i)ass  all  the  specified  tests,  viz: 

Tensile  Strength. — The  ultimate  breaking  strain  should  not 
be  less  than  52,000  pounds  per  square  inch,  nor  more  than 
05,000  pounds. 

Plates  with  a  tensile  strength  of  more  than  65,000  pounds  mil 
not  be  rejected  providing  the  elongation  is  30  per  cent,  or  over. 

Elastic  Limit. — Must  not  be  less  than  one-half  of  the  tensile 
strength. 

Usuallv  the  elastic  limit  is  about  35,000  pounds  where  the  ten- 
sile strength  averages  60,000  pounds  per  square  inch. 

Elongation. — ^Measured  in  8  inches,  should  not  be  less  than  28 
per  cent;  and  in  all  cases  it  should  not  be  less  than  the  quotient 
obtained  bv  dividing  1,450,000  by  the  tensile  strength  per  square 
inch. 

This  material  must  also  stand  the  cold  bending  test  and  the 
quench  test. 

It  must  also  be  free  from  seams^  cracks,  cavities  due  to  gas 
bubbles  in  the  ingot,  pipe  laminations  or  other  defects. 

A  micro-photograph  of  the  material  should  show  a  homogene- 
ous structure. 

The  plate  should  be  of  even  thickness,  straight,  smooth  rolled 
and  finished  in  a  workmanlike  manner. 

3fr.   Walter  Flint. — 

New  York  City,  November  18,  1903. 

American  Society  of  Mechanical  Engineers: 

Gentlemen:  I  have  the  report  of  the  committee  which  was  appointed  to 
make  out  specifications  for  boiler  plate,  rivet  steel,  etc.,  and  I  have  looked  the 
matter  over  quite  thoroughly.  It  seems  to  me  that  Mr.  Henning's  point  is  well 
taken.  Surely  every  one  must  admit  that  when  a  member  of  a  bridge  or  boiler 
or  any  other  structure  is  loaded  beyond  the  "yield  point,"  it  will  never  again 
perform  its  duty  in  that  structure,  and  the  other  members  are  then  called 
upon  to  perform  a  duty  for  which  they  were  not  designed.  I  will,  therefore, 
say  that  the  determination  of  the  "yield  point"  certainly  ought  to  be  retained, 
and  every  care  taken  U)  determine  it  with  accuracy. 

Yours  very  truly, 

Walter  Flint. 

I  J.  S.  J  Randolph. — This  discussion  seems  to  be  open  to  criticism 
fnr  the  following  reasons: 

first.  The  grouping  of  the  specifications  for  steel  castings 
and  boiler  plate  is  a  very  decided  mistake.  This  material  is  not 
lifted  by  the  same  departments  of  the  shop,  or  are  they  made  in 
the  .same  shop,  and  it  is  a  useless  complication  to  have  one  specifi- 
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cation  covering  two  classes  of  material  so  widely  different  as 
boiler  plate  and  steel  castings.  It  is  doubtful  whether  there  is 
any  reason  for  the  riveted  steel  going  on  the  same  sheet  ^\dth 
boiler  plate. 

Second.  The  minimum  requirements  should  be  lower  with 
possibly  a  different  nomenclatum  carrying  it  very  soft  and  giving 
55,000  pounds  ultimate  tensile  strength  plus  or  minus  5,000 
pounds.  This  allows  material  to  come  under  this  head  which 
is  needed  for  certain  classes  of  fire-box  work.  Of  course,  the 
corresponding  change  in  the  elongation  being  made. 

Third.  The  specifications  are  a  little  ambiguous  as  to  the  size 
of  test  specimens,  the  indication  being  that  2^  inch  test  speci- 
mens can  be  used  on  boiler  plate,  although  this  may  be  intended 
to  castings  and  forgings  only.  One  of  the  most  important  con- 
siderations in  testing  materials  is  to  have  the  specimens  of  uni- 
form size.  If  there  is  much  work  where  the  large  specimens 
cannot  be  obtained,  a  small  specimen  should  be  adopted  as 
standard  and  should  be  held  to. 

Fourth.  It  should  be  stated  thflt  the  facilities  for  making 
tests,  etc.,  should  be  furnished  by  the  manufacturer  free  of  cost. 
This  is  what  is  being  done  at  the  present  time. 

Fifth.  I  agree  with  Mr.  Henning  in  the  dropping  of  the  yield 
point.  It  would  be  much  more  sensible  to  drop  the  ultimate 
tensile  strength  and  leave  the  yield  point  in  even  if  we  had  to 
slow  down  our  machines  somewhat.  There  is  little  doubt  in  the 
mind  of  the  writer  that  much  of  the  inspection  to-day  is  simply 
perfunctory.  The  specifications  should  be  drawn  up  primarily 
so  as  to  insure  the  furnishing  of  first-class  material,  and  should 
then  be  eased  off  so  as  to  get  everything  that  is  absolutely  neces- 
sary in  the  quality  of  material  desired  at  a  minimum  price  and 
at  the  minimum  expenditure  of  trouble  by  the  manufacturer. 
The  manufacturer,  however,  should  be  made  to  come  to  the 
specifications,  and  not  the  specifications  to  the  manufacturer. 

Sixth.  The  drop  test  and  percussion  test  are,  in  the  opinion 
of  the  writer,  hardly  necessary  for  the  boiler  steel,  and  the 
specifications  are  so  ambiguously  dra\\Ti  in  regard  to  the  two 
tests  that  it  is  impossible  to  say  whether  they  are  meant  for 
castings  only  or  boiler  steel  also.  It  should  be  said  that  it  is 
very  difficult  to  have  specifications  so  widely  different  in  uses 
and  characteristics  under  the  same  heading  and  not  have  such 
ambi£:uities  occur. 


84S    boilp:r  plate,  rivet  steel,  steel  castings  and  forgings. 

A.  Bement. — A  most  surprising  feature  of  these  specifications 
is  that  the  determination  of  the  most  important  characteristic 
is  exchided,  that  of  the  yield  point.  I  cannot  believe  that  the 
members  of  this  Society  will  allow  the  perpetuation  of  this  grave 
error  in  the  final  report  of  the  committee.  It  is  specified  that 
this  omission  be  made  for  "  ordinary  grades,"  which  means,  in 
fact,  all  commercial  grades,  and  is  almost  equivalent  to  recom- 
mending the  abandonment  of  this  determination  altogether. 

I  would  suggest  that  requirements  for  material  used  for  bolts 
and  studs  be  included  in  these  specifications,  especially  those 
employed  in  engines  and  similar  machinery.  AVith  rivets,  if 
unsuitable  material  is  employed,  there  is  liability  of  their  break- 
ing before  delivery  to  the  customer.  But  with  bolts  and  studs, 
bad  material  can  be  used  without  liability  of  failure  until  deliv- 
ery of  the  machine  is  made  to  the  customer;  then  failure  is  quite 
liable  to  be  attributed  to  some  other  cause. 

Prof.  G.  Lanza. — I  should  like  to  make  a  few  remarks,  simply 
to  touch  upon  two  points.  Professor  Spangler,  in  proposing  to 
drop  the  yield  point,  claimed  that  in  steel  varying  from  45,000 
to  05,000  pounds  tensije  strength  the  other  requirements  would 
secure,  in  every  case,  a  yield  point  of  at  least  half  the  tensile 
strength.  In  making  that  remark  he  admits  its  importance,  and 
it  seems  to  me  that  the  yield  point  requirement  ought  not  to  be 
dropped,  at  any  rate,  unless  that  position  is  indisputably  proved, 
and  I  do  not  believe  that  it  is  proved  yet  beyond  the  possibility  of 
doubt. 

Another  point  is  that,  in  considering  axles  and  moving  parts 
of  machinery,  which  are  subjected  to  alternate  stresses,  we  need 
to  look  after  our  specifications  with  reference  to  the  power  of 
material  to  bear  repeated  stresses.  Investigations  upon  repeated 
stress  show  that  the  yield  point  plays  some  part  which  is  not 
very  well  known  yet,  and  it  seems  to  me  important  that  we  should 
retain  a  requirement  for  it  until  these  relations  can  be  deter- 
mined. 

The  only  other  remark  I  desire  to  make  is,  that  when  too 
higli  a  speed  is  adopted  in  the  testing  machine,  it  is  not  only  the 

yield  point  which  is  concealed,  but  various  other  things  which 

f'  ~ 

importance — matters  which  concern  the  tensile  strength 
also. 

Prof.  R.  C.  Carpenter. — I  would  like  to  make  a  remark  on  this. 
It  seems  to  me  that  the  yield  point  is  of  importance,  and  of  suf- 
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ficient  importance  to  be  retained  in  these  specifications.  One  of 
the  important  things  which  I  think  may  result  from  retaining 
the  requirement  for  determining  the  yield  point  is  that  it  will 
lead  to  more  care  in  the  testing  of  materials.  At  the  present 
time  the  material  tests  made  by  manufacturers  are  made  too 
rapidly  to  be  accurate,  as  I  have  found  out  by  experience.  In- 
deed, they  are  in  many  cases  very  far  from  accurate.  This  ad- 
ditional requirement  must  require  more  care,  and  will  give  us 
much  more  reliable  results,  from  commercial  tests. 

H.  ^Y.  Spangler. — As  the  Chairman  of  the  committee  has 
received  but  one  communication,  that  of  Mr.  Bement,  relating 
to  the  matter  of  these  specifications,  which  discussion  is  here- 
mth  presented,  there  has  been  no  meeting  of  the  committee 
since  the  last  meeting  of  the  Society.  The  following  comments 
are  his  own,  and  not  those  of  the  committee. 

It  is  to  be  remembered  that  these  specifications  cover  steel 
between  45,000  and  85,000  pounds  tensile  strength  having  def- 
inite chemical  and  physical  properties. 

There  has  been  but  one  objection  raised  to  these  specifica- 
tions, and  that  as  I  understand  it  is  to  the  dropping  of  the  yield 
point  (or  elastic  limit)  for  materials  covered  by  these  specifica- 
tions. With  the  other  requirements  of  the  specification  ful- 
filled, a  high  elastic  limit  mil  be  obtained.  I  would  be  glad  to 
be  referred  to  any  data  showing  that  if  all  the  requirements  of 
this  specification  are  met,  the  yield  point  is  not  as  high  or  higher 
than  half  the  ultimate  strength.  A  careful  examination  of  the 
reports  of  the  Watertown  Arsenal  for  1901  and  1902  shows  that 
there  are  133  tests  of  steel,  mostly  castings  and  forgings  (the 
ultimate  strength  of  which  would  bring  them  within  the  limits 
of  these  specifications,  and  which  materials  might  be  tendered 
under  these  specifications)  having  the  elastic  limit  less  than  one- 
half  the  ultimate  strength.  Of  the  samples  one  hundred  and 
nineteen  would  not  fulfil  the  other  physical  requirements.  As 
the  chemical  composition  of  these  samples  is  not  stated,  it  is 
impossible  to  tell  from  the  printed  reports  whether  the  re- 
mainder would  fulfil  the  specifications  or  not,  but  89.5  per  cent, 
would  be  rejected  on  their  physical  tests  alone  exclusive  of  the 
elastic  limit  and  the  chemical  composition. 

The  objection  made  by  Mr.  Henning  that  the  suggested 
method  of  determining  the  elastic  limit  (yield  point)  is  inaccur- 
ate because  "  when  you  take  a  reading  and  stop  the  load  and 
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^  knt.  =62400 
8"Elong,=  33.3^ 
2"Elong.=  47.5^ 
%  Red     =60.7 


TEST  OF  SOFT  STEEL 

Machine  running  continuously  after  5000. 
Scale  weight  moved  by  hand. 
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Fig.  94. 


then  reload  the  material,  it  begins  to  stretch  slightly,  but  the 
yield  point  will  thereby  be  raised  ''  does  not,  I  believe,  apply  to 
materials  that  are  not  loaded  above  the  proportional  limit,  and 
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Red.         =62.3^ 


TEST  OF  SOFT  STEEL. 

Machine  stopped  at  each  step.  Scale  weight  advanced 
before  machine  is  again  started. 
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Fig.  95. 
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practically  I  do  not  believe  that  the  value  of  the  quantity  to  be 
determined  here  is  affected  by  the  stopping  and  starting  of  the 
machine    necessary    for    the    reading   of   a   micrometer    extenso- 
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meter.  A  series  of  tests  Avere  made  by  me  on  a  bar  of  com- 
mercial soft  steel  to  test  this  point.  An  extensometer  having  a 
magnitication  of  about  150  times  (exactly  147  times)  was  used, 
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SOFT  BESSEMER  MACHINERY  STOCK. 
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Fig.  96. 


and  two  of  the  diagrams  obtained,  together  with  the  results  of 
the  eight  tests  made,  are  here  recorded. 

In   Fig.   9i  herewith   the   scales   arc   horizontally   147"  =  1" 
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Fig.  97. 
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stretch,  and  vertically  1"=  4,587  pounds.  The  irregularity  is 
due  to  the  fact  that  the  weight  on  the  scale  beam  was  moved  by 
hand.  In  Fig.  05  the  scale  beam  was  first  set  at  4,420  pounds, 
ami  the  load  applied  as  rapidly  as  in  Fig.  94.  When  the  scale 
beam  rose  the  machine  was  stopped  and  the  micrometers  were 
read.  The  scale  beam  was  then  set  at  the  next  load  and  the 
machine  started,  each  jog  in  the  diagram  sliomng  one  stoppage 
of  the  machine. 

While  it  is  true  that  a  few  experiments  may  mean  but  little, 
I  know  of  no  other  printed  data  covering  the  same  ground  and 
submit  these  results  which  show  that  in  this  case  at  least  the 
stopping  of  the  machine  a  number  of  times  and  allowing  it  to 
remain  at  rest  long  enough  to  read  the  micrometers  did  not 
j)erceptibly  raise  the  yield  point. 

I  attach  also  two  test  sheets,  one  from  soft  Bessemer  machinery 
stock.  Fig.  96,  and  one  from  open  hearth  common  spring  stock. 
Fig.  97,  showing  that  before  and  after  the  machine  had  been 
stopped  there  has  been  in  these  two  cases  no  change  in  the  gen- 
eral direction  of  the  curve.  In  each  of  the  two  cases  the 
machine  was  stopped  twice  to  determine  the  scale  of  the 
diagrams. 
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]Vo.  1027.* 

ORDNANCE  FOR    THE    LAND   SERVICE. 

MAJOR   R.    BIRNIE,    ORDNANCE   DEPARTMENT,   UNITED   STATES   ARMY. 

1.  The  development  of  the  modern  land  and  naval  ordnance 
in  the  United  States  is  of  comparative  recent  date,  and  is  a  sub- 
ject for  interesting  study  from  a  political  as  well  as  an  industrial 
and  mechanical  standpoint.  It  is  with  the  latter,  however,  that 
I  have  to  deal,  and  particularly  the  mechanical  features,  although 
such  is  their  diversity  that  an  outline  only  can  be  attempted. 
My  subject,  generally,  will  be  confined  to  a  brief  account  of  the 
growth  of  the  present  land  armament,  the  uses  to  which  the 
guns  and  their  accessories  are  applied,  and  to  some  discussion  of 
the  more  important  mechanical  principles  involved  in  their  con- 
struction in  connection  with  experiments. 

2.  There  are  two  general  divisions  of  artillery  for  land  service; 
first,  the  mobile  artillery  designed  for  field  and  siege  service, 
and  used  also  in  the  land  defense  of  sea-coast  forts,  or  generally 
for  offensive  operations,  in  which  the  weight  of  the  material 
combined  with  the  specific  service  in  view  control  the  caliber  and 
design;  second,  the  artillery  on  fixed  mounts  as  used  generally 
in  sea-coast  fortifications,  and  also  in  permanent  inland  defenses 
for.  defensive  purposes,  in  which  the  caliber  and  design  are  not 
restricted  by  weight  and  may  be  varied  to  subserve  only  the 
needs  of  defense. 

3.  The  different  types  of  artillery  are  classified  as  guns, 
howitzers  and  mortars.  Guns  are  used  for  direct  fire  mth  a 
superior  angle  of  elevation,  usually  limited  to  about  15  degrees. 
They  fire  a  single  weight  of  powder  charge  with  the  object  of 
attaining  a  maximum  of  power.  Howitzers  are  pieces  of 
medium  length  and  velocity,  used  for  curved  fire  up  to  about 
45  degrees  elevation.  They  apply  generally  to  mobile  arma- 
ment for  field  and  siege  service,  and  by  reason  of  their  relatively 

*  Presented  at  a  Special  Monthly  Meeting  in  New  York  (February,  1904)  of  the 
American  Society  of  Mechanical  Engineers,  and  forming  part  of  Volume  XXV.  of 
the  Transactions. 
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liii'ht  weight  as  compared  with  guns  can  be  made  of  larger  caliber 
and  use  a  heavier  projectile  than  a  gun  of  equal  manoeuvring 
capacity.  Tliis  advantage  and  their  supplemental  use  to  guns 
is  furtlicr  obtained  by  abibty  to  deliver  the  curved  fire  at  rela- 
tivelv  short  range,  for  which  reduced  charges  may  be  used.  Mor- 
tars are  short  pieces  fired  with  medium  or  low  velocity  and  used 
for  high  angle  fire  with  elevations  up  to  about  70  degrees.  They 
require  a  fixed  platform,  and  their  utility  is  limited  to  siege  and 
sea-coast  emplacements.  Their  firing  angle  enables  complete  pro- 
tection to  be  given  them  in  their  emplacements  from  a  hostile 
gunfire.  The  projectile  carries  a  large  bursting  charge,  and  the 
angle  of  fall  enables  it  to  reach  the  most  vulnerable  parts  of 
targets  generally.  In  the  case  of  a  battleship  this  target  embraces 
not  only  the  relatively  thin-armored  deck,  reached  by  direct  im- 
pact, but  also  the  unprotected  hull,  reached  by  under-water  ex- 
jdosions.  To  cover  the  field  within  the  range  of  a  mortar 
different  powder  charges  and  elevations  are  employed,  giving  suc- 
cessive zones  of  fire. 

4.  The  following  tables,  which  include  the  various  calibers  of 
stanchird  t^^es  in  our  service,  enable  a  more  comprehensive  view 
to  be  taken  of  the  diversity  of  types  included  in  a  complete  equip- 
ment and  how  they  are  employed.  All  of  these  are  rifled,  breech- 
h>ading  pieces,  made  of  steel  and  use  smokeless  powder,  except 
the  model  1886  12-inch  mortar,  which  is  composed  of  a  cast-iron 
body  reinforced  with  steel  hoops.  The  tables  omit  the  small  arm 
rifle  r'ali])er  Gatling  or  automatic  machine  guns  that  are  mounted 
on  tripod  or  wheel  mounts  and  used  both  in  the  field  and  in  fortifi- 
cations for  combating  men  and  horses. 

5.  All  of  the  carriages  are  fitted  mth  hydraulic  recoil  cylinders 
and  spring  return,  except  the  3.6-inch  mortar  and  the  3.6-inch 
gun  field  carriage  which  is  of  older  pattern,  dating  from  1891. 
The  3-inch  model  1902,  witli  long  recoil  of  gun  on  carriage,  is  of 
the  most  modern  type.  Modifications  of  the  existing  mobile  artil- 
lery now  in  j)rogres8  or  proposed  are  as  follows: 

6.  Introduce  a  light  field  gun  to  operate  with  cavalry,  having 
a  calilKT  2.38  inches,  weight  of  projectile  7.5  pounds,  and  muzzle 
velwity  1,700  f.  s.,  and  a  3.8-inch  field  howitzer  of  the  same 
mobility  as  a  3-inch  field  gun,  to  fire  a  30-pound  projectile. 

7.  Eliminate  the  3.6-inch  field  gun,  5-inch  field  howitzer, 
r)-inch  siege  gun,  7-inch  siege  howitzer,  and  substitute  therefor 
3.8-inch  rifles  firing  a  projectile  weighing  30  pounds,  and  4.7-inch 
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howitzers  of  tho  same  mobility  lii'ing  -v  projectile  weighing  00 
pouiuls;  also  4.7-ineh  rifle  flring  a  projectile  weighing  GO  pounds, 
and  (>-inch  howitzers  of  the  same  mobility  firing  a  projectile 
weighing  120  pounds. 

8.  This  plan  has  the  merit  of  consistency  in  that  the  weights 
of  j)rojectiles  are  exactly  doubled  for  each  increase  of  caliber. 
It  would  ap]iear  that  the  3.8-inch  howdtzer  and  the  field  gun  of 
the  same  caliber  are  relatively  the  least  essential  and  might  be 
omitted,  and  the  light  field  gun  would  be  improved  by  increas- 
ing the  caliber  and  the  weight  of  projectile  to  about  10  pounds, 
making  a  more  efficient  projectile  for  both  shell  and  shrapnel 
fire. 

()  and  15  pounder  guns  to  give  3,000  f.  s.  initial  velocity  and 
a  6-inch  wire-wound  gun  to  give  3,500  or  3,600  f.  s.  velocity 
have  been  projected. 

9.  The  diversity  of  calibers  of  guns  is  remarkable,  indicating 
how  completely  every  phase  of  the  problem  of  attack  or  defense 
is  sought  to  be  covered.  When  we  examine  further  the  designs 
of  modern  guns,  of  the  carriages  and  mounts,  sometimes  oper- 
ated by  electricity,  the  projectiles,  fuses,  powders  and  high  ex- 
plosives, the  instruments  and  methods  employed  for  range  find- 
ing and  for  fire  control  and  direction,  it  is  apparent  how  complex 
the  science  of  ordnance  has  become.  Simplicity  of  means  and 
design  is  especially  desirable  in  the  military  service,  which 
requires  the  greatest  perfection  in  training  of  personnel.  More- 
over, the  material  is  through  necessity  generally  designed  with 
high  regard  for  economy  in  weight  and  dimensions  and  withal 
is  subjected  to  most  severe  usage.  The  present  period  is  marked 
by  a  strong  tendency  to  increased  complexity  and  expense,  en- 
gendered by  the  rivalry  of  nations  and  made  possible  by  the 
advance  of  knowledge  in  mechanical  appliances.  Experience 
has  taught  that  this  tendency  is  no  more  to  be  successfully  com- 
bated in  military  than  in  civil  progress,  and  we  must  employ  the 
common  medium  of  trial  to  seek  out  what  is  good  and  reject 
what  is  unsatisfactory. 

Hlaioncal  Sketch  of  the  Development  of  Denigns  and  Trials  of 

Ex2)erimental  Material. 

10.   It  is  to  be  remarked  that  the  efficiency  of  the  land  arma- 
ment existing  at  the  close  of  the  Civil   War  has  not  since  been 
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('(IUuIUhI  until  rho  priscnt  period.  In  ISiUJ  tlie  artillery  of  the 
land  service  was  deemed  verv  efficient.  Jt  comprised,  however, 
only  muzzle-loading"  guns,  and  the  introduction  of  rifling,  Avith 
its  accompanying  change  from  the  round  to  the  elongated  pro- 
jectile and  consequent  increase  of  weight  of  projectile,  range 
and  power  generally,  had  not  then  reached  the  larger  calibers. 
The  princi])al  rifled  guns  were  the  3-inch  Avrought-iron  held  rifle, 
the  4.5-incli  cast-iron  siege  rifle  and  the  Parrott  10-pounder,  30- 
pounder,  100-pounder,  200-pounder  and  300-pounder  rifles  made 
of  cast-iron  reinforced  A\dth  a  coiled  and  welded  w^rought-iron 
band  shrunk  over  the  Jbreech.  Bronze  smooth-bore  guns  were 
represented  in  the  Coehorn  mortar,  mountain  howitzers  and  the 
well-known  12-pounder  Xapoleon  field  gun.  Cast-iron  smooth- 
bores constituted  the  remainder,  and  comprised  8-inch  howitzers 
and  8  and  10  inch  mortars  for  siege  equipment,  with  13  and  15 
inch  mortars  and  S,  10,  15  and  20  inch  Kodman  smooth-bore 
guns  for  sea-coast  armament.  The  carriages  were  of  simple  pat- 
tern. Those  for  field  guns  were  made  with  the  flasks  and  trails 
of  wood,  and  those  for  the  sea-coast  guns,  which  were  made  of 
iron,  comprised  principally  a  chassis  and  top  carriage.  The 
chassis  rested  upon  wheels  upon  traverse  circles  enabling  the 
piece  to  be  moved  in  azimuth  by  hand  bars  inserted  in  sockets  in 
the  traverse  wheels.  The  top  carriage  was  fitted  with  eccentric 
wheels  at  the  front  to  provide  rolling  friction  in  part  for  run- 
ning into  battery  and  sliding  friction  for  recoil.  Data  pertain- 
ing to  some  representative  pieces  of  this  equipment  are  as 
follows : 

Powder      Projec-      Muzzle        Eleva-        Tfanat^ 
Piece.  charge.  tile.         velocity.        tion.         f;f  # 

Ibe.  lbs.  f.s.  degrees.       y^^os. 

5.82-inch  smooth  bore  mortar 5        17.75 45  1200 

3-inch  rifle  (Parrott) 1.0        10.5        1232  20  5000 

4.2-inch  rifle  (Parrott) 3.5         30.  1293  25  6700 

6.4-inch  rifle  (Parrott) 10.  100.  1300  35  8450 

13-inch  smooth  bore  mortar 20.  223 45  4650 

20-incli  smooth  bore  gun  (Kodman) 200.  1080 25  8000 

1 1.  'i'he  magnitude  of  the  armament  existing  at  that  time  may 
\h'  inferred  from  the  statement  that  the  number  of  Kodman 
Hinooth-bore  gims  available  was  about  425  8-inch,  1,000  10-inch, 
305  15-inch  and  2  20-inch  guns. 

12.  Oreat  merit  was  attached  to  the  heavy,  smooth-bore  guns 
for  their  ''  "  racking  "  effect,  even    after  the    introduction    of 
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armor  on  ships.  Nevertheless,  the  advantage  of  elongated  pro- 
jectiles with  their  '^  punching  "  effect  was  recognized,  and  8  and 
12  inch  cast-iron  rifles  were  made  for  trial  as  earlv  as  1861. 

13.  The  period  of  20  years  from  1866  to  1886  was  marked  by 
the  introduction  of  breech-loading  in  place  of  muzzle-loading 
guns  and  the  gradual  substitution,  first,  of  wrought-iron,  and 
afterwards,  of  steel  for  cast-iron  in  their  construction.  This 
period  may  well  be  styled  experimental  in  this  country,  except 
that  it  resulted  in  the  production  of  some  210  8-inch  muzzle- 
loading  rifles  converted  from  10-inch  Rodman  smooth-bore  guns- 
by  lining  them  with  wrought-iron  or  steel  tubes  and  a  number 
of  3.2-inch  steel  breech-loading  field  gims.  The  8-inch  con- 
verted rifle  served  a  temporary  purpose,  but  the  steel  fiold-gim, 
with  its  metal  carriage  (Appendix  '26,  Report  of  1887)  using  bow 
spring  wheel  brakes  to  restrain  the  recoil  on  firing,  has  with 
some  modifications  given  good  service  even  as  late  as  the  Chinese 
expedition  of  1900.  It  is  now  to  be  replaced,  however,  by  a 
quick-firing  gun  with  long  recoil  carriage,  model  1902.  During 
this  period  the  total  amount  expended  by  the  Ordnance  Depart- 
ment to  include  the  first  cost  of  experimental  guns  and  of  those 
supplied  for  service,  amounted  to  somewhat  less  than  $1,500,000. 

14.  Satisfied  apparently  by  the  existing  armament  of  1866, 
in  connection  with  the  reaction  from  the  expense  of  the  «Civil 
AVar,  it  was  not  until  1872  that  Congress  made  provision  to 
attempt  a  revision  of  the  armament,  when  the  so-called  Heavy 
Gun  Board  was  appointed.  The  continued  agitation  of  the  sub- 
ject may  be  inferred  in  noting  that  the  Getty  Board  was  ap- 
pointed by  act  of  Congress,  approved  March  3,  1881;  the  Gun 
Foundry  Board  by  act  of  Congress  March  3,  1883;  the  Arma- 
ment Board  by  act  of  July  5,  1884;  and  finally  the  Endicott 
Board  by  act  of  March  3,  1885.  During  the  same  time  there 
were  reports  from  the  special  Senate  committee.  Senator  Logan 
chairman,  appointed  August  2,  1882;  the  Senate  select  com- 
mittee on  ordnance  and  warships.  Senator  Hawley  chairman, 
appointed  July  3,  1884;  and  a  similar  House  committee,  ^^dth 
^Ir.  Randall  chairman,  July  6,  1884.  The  Endicott  Board  com- 
pleted its  labors  in  1886,  submitting  a  scheme  of  sea-coast  arma- 
ment which  was  virtually  adopted  by  Congress  in  the  Fortifica- 
tion Act  of  September  22,  1888,  and  while  modified  from  time 
to  time  as  occasion  required,  is  still  being  carried  out.  At  this 
time,  after  a  long  contest  before  the  committees  of  Congress 


3(>2  oKDNAXCi:  roH  the  land  service. 

with  the  advocatos  of  diitVreiit  systems,  inchiding  the  use  of 
cast-iron,  it  had  been  demonstrated  that  the  built-up  forged-steel 
gun  recommended  by  the  Ordnance  Department  could  be  relied 
upon. 

15.  A  somewhat  extended  description  of  the  experimental 
guns  of  this  period  and  their  trials  is  contained  in  a  paper  read 
before  the  military  service  institution  at  Governor's  Island, 
November  2G,  1887,  and  brief  reference  only  will  be  made  to 
them  here.  The  Heavy  Gun  Board  of  1872  selected  nine  sys- 
tems for  trial,  to  ^^'it: 

1(3.  Muzzle-loading  guns:  (1)  Dr.  W.  E.  Woodbridge;  (2) 
Alonzo  Hitchcock;  (3)  Cast-iron  guns  lined  with  wrought-iron 
or  steel  tubes. 

17.  Breech-loading  guns:  (1)  Frederick  Krupp;  (2)  E.  A.  Sut- 
cliffe;  (3)  Xathan  Thompson;  (4)  French  and  Swedish  systems. 

18.  Miscellaneous:  (1)  H.  F.  Mann;  (2)  Lyman  multicharge 
gun. 

19.  The  Fortifications  Bill  of  1883,  embodying  the  recom- 
mendations of  the  Senate  ordnance  committee  and  the  Getty 
Board,  authorized  the  continuation  of  the  conversion  of  10-inch 
smooth-bores  into  8-inch  muzzle-loading  rifles,  and  in  addition 
the  trial  of  ^ve  different  systems  of  gun  construction  and  two 
type*  of  breech  mechanism,  as  follows: 

20.  Built-up  forged  steel  breech-loading  rifles  with  slotted 
screw  breech  closure. 

21.  Cast-iron  breech-loading  rifles. 

22.  Condnned  cast-iron  and  steel  built-up  breech-loading  rifles 
and  rifled  mortars  of  the  same  system  with 'slotted  screw  breech 
closure. 

23.  Wire-wound  breech-loading  rifles. 

24.  The  multi-charge  gun. 

25.  The  Mann  breech  mechanism. 
20.  The  Yates  breech  mechanism. 

'21.  During  the  period  1873  to  1882  trials  were  also  made,  at 
Sandy  HfK>k  Proving  Ground,  with  breech-loading  field  guns  and 
the  Dean  3.5-inch  mandreled  bronze  gun.  The  Dean  gun  was 
produced  in  1877.  It  was  subjected  to  a  firing  test  which,  so  far 
as  it  went,  proved  the  good  quality  of  the  material,  but  it  was  a 
muzzle-loading  gun  made  after  a  design  already  out  of  date  and 
gave  inferior  ballistic  results.  This  system  has  been  extensively 
used  in  Austria,  as  proposed  by  General  Uchatius,  for  field  and 
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lighter  siege  guns,  but  was  not  succesisful  in  larger  calibers.  The 
breech-loading  field  guns  that  were  tested  included  the  Sutcliffe, 
Moffat  and  Krupp  breech  mechanism.  Preference  was  found 
in  these  tests  for  the  Krupp  mechanism,  but  subsequent  tests  led 
to  the  final  adoption  in  our  service  of  the  slotted  screw  breech 
mechanism. 

28.  The  gun  proposed  by  Alonzo  Hitchcock  was  a  9-inch 
muzzle-loading  rifle  designed  to  be  made  by  butt  welding  disks 
or  cheeses  of  wrought-iron  and  forming  a  solid  piece  to  be  bored 
out  for  the  gun.  After  nearly  three  years  of  labor  the  project 
was  abandoned  as  being  too  difficult  and  costly,  if  not  imprac- 
ticable, to  be  fulfilled. 

29.  The  Sutcliffe  and  Thompson  guns  were  cast-iron  breech- 
loading  rifles  of  9  to  12  inches  caliber.  There  is  a  general  sim- 
ilarity in  their  breech  mechanism  in  that  the  block  is  rolled  to 
one  side  for  inserting  the  charge.  The  Sutcliffe  gun  was  fired 
in  all  26  rounds  and  the  Thompson  2  rounds,  when  the  guns  were 
sent  to  the  Philadelphia  Centennial  Exposition  and  not  after- 
wards tested. 

30.  The  principal  feature  of  the  multicharge  gun  consists  in 
utilizing  the  accelerating  principle  for  the  action  of  the  powder 
upon  the  projectile.  This  is  sought  to  be  obtained  by  having  a 
series  of  powder  charges  placed  in  pockets  at  intervals  along  the 
bore  near  the  breech  which  are  ignited  by  the  inflamed  gases 
of  the  breech  charge  following  up  the  passage  of  the  projectile 
over  the  opening  of  each  powder  pocket  into  the  bore.  The  gun 
was  patented  by  A.  S.  Lyman,  who,  in  connection  with  J.  R. 
Haskell,  began  experimenting  to  test  the  system  about  1855. 
Guns  of  2^-inch,  6-inch  and  8-inch  caliber  have  been  tested. 
The  last  test  was  that  of  the  8-inch  steel  gun,  with  one  breech 
and  two  auxiliary  powder  chambers,  at  Sandy  Hook  in  1897. 
At  the  second  round  the  metal  between  the  forward  chamber 
and  the  bore  was  crushed  in,  due  probably  to  premature  ignition 
of  the  powder  charge  in  that  pocket  by  passage  of  the  gas  in 
advance  of  the  projectile. 

31.  The  principle  involved  in  the  Mann  breech  mechanism  is 
to  completely  separate  the  longitudinal  from  the  tangential 
strains  due  to  firing  a  gun.  This  is  accomplished  by  making  the 
breech  of  the  gun  separate  from  the  gun  body  and  connecting  it 
by  heavy  side  straps  with  the  trunnion  supports  on  the  carriage. 
Several  calibers  of  this  a'un  were  tested  between  1862  and  188-1. 
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Till'   hist   occasion   was  a    (».r)-inch   ii'uii,   tired   iit   Sandy  Hook  in 
lS8-lr,  which  was  burst  at  the  24th  round. 

S'2.  The  Yates  brcnvh  mechanism  comprises  a  couple  of  con- 
cave chimps  which  open  outwards  from  the  breech,  and  when 
closed  embrace  the  breech  of  the  gun  exteriorly  and  support  a 
solid  head  gas  check  or  cartridge  case  for  sealing  the  escape  of 
gas.  The  8-inch  rifle  was  tested  at  Sandy  Hook,  1885-6.  The 
gun  was  fired  in  all  312  rounds,  when  it  was  destroyed  by  burst- 
ing through  the  body. 

Cast-iron  Mifles. 

33.  In  company  with  the  manufacture  of  the  Rodman  smooth- 
bore gun  the  manufacture  of  cast-iron  in  this  country  was 
brought  to  a  high  state  of  perfection  and  exhaustive  attempts 
were  made  to  utilize  this  metal  in  the  construction  of  heavy 
rifled  guns.  Seven  muzzle-loading  cast-iron  Rodman  rifles  of  8, 
10  and  12  inch  caliber  were  produced  between  1861  and  1869. 
AVhen,  however,  the  12-inch  rifle  of  1868  was  burst  at  the  27th 
round,  in  1871,  the  Ordnance  Department  recommended  that  no 
cast-iron  rifles  be  made  for  service.  Efforts  were  not,  however, 
relinquished  from  other  sources.  Mr.  Norman  Wiard,  in  the 
Xut  Island  experiments,  1873  to  1875,  attempted  to  show  the 
utility  of  cast-iron  rifles  using  mitten  or  subcaliber  projectiles 
but  without  any  reasonable  success.  Congress  subsequently  re- 
quired the  manufacture  of  a  12-inch  cast-iron  breech-loading 
rifle  in  1883.  it  was  made  with  28  calibers  length  of  bore  and 
gave  a  muzzle  velocity  of  about  1,750  f.  s.  with  800-pound  pro- 
jectile, corresponding  to  17,000  foot  tons  muzzle  energy.  After 
firing  137  rounds  the  trials  were  suspended,  due  to  the  erosion 
of  the  bore  which  increased  rapidly  toward  the  end  of  the  test 
and  became  so  serious  as  to  lead  to  the  conclusion  that  it  would 
be  unsafe  to  continue  the  firing.  Again,  in  1889,  pursuant  to 
act  of  Congress,  September  22,  1888,  the  South  Boston  Iron 
"Works  submitted  a  12-inch  cast-iron  rifled  mortar,  which  burst 
explosively  on  trial  at  the  20th  round. 

Converted  Guns, 

34.  A  quantity  of  serviceable  muzzle-loading*  guns  dating 
from  1874,  although  of  low  power,  were  produced  by  lining  the 
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Kodman  smooth-bore  guns  first  with  coiled  and  welded  wrought- 
iron  and  later  with  steel  tubes.  In  addition  to  the  muzzle-load- 
ing guns,  several  calibres  of  converted  breech-loading  guns  were 
constructed  and  tested^  but  ^^dthout  ultimate  success.  In  this 
design  a  jacket  made  of  a  heavy  steel  piece  was  screwed  into  the 
breech  of  a  smooth-bore  gun  and  adapted  to  receive  the  Krupp 
breech  mechanism.  The  steel  forgings  for  these  alterations 
were  procured  in  England,  and  chiefly  due  to  the  poor  quality 
of  the  steel  the  plans  were  abandoned.  This  occasioned  an  un- 
favorable opinion  regarding  the  use  of  steel  in  gun  construction. 
It  was  difficult  for  some  years  afterwards  to  con^'ince  the  doubt- 
ers that  there  was  taking  place  a  great  improvement  in  the  qual- 
ity of  steel  for  guns  gained  by  knowledge  and  experience  in  its 
manufacture.  It  Avas  equally  unfortunate  for-  the  Krupp  breech 
mechanism  that  its  first  application  to  large  guns  in  this  country 
was  made  in  this  connection.  The  slotted  screw  mechanism  was 
applied  to  the  subsequent  experimental  guns  and  became  the 
established  type  in  our  service. 

Combined  Cast- Iron  and  Steel  Guns  and  Mortars. 

35.  This  method  of  construction,  authorized  in  1883,  was 
practically  forestalled  by  the  advance  in  steel  manufacture  be- 
fore the  experimental  pieces  were  completed  and  tested.  Four 
experimental  types  were  made,  including  two  12-inch  breech- 
loading  rifles  and  one  muzzle-loading  and  one  breech-loading 
mortar.  One  of  the  rifles  comprised  a  cast-iron  body  lined  for 
about  one-half  the  length  of  the  bore  with  a  steel  tube  inserted 
from  the  breech.  The  second  rifle,  in  addition  to  the  half-tube 
lining,  was  reinforced  by  a  double  row  of  steel  hooping  on  the 
cast-iron  body,  extending  from  the  breech  to  a  distance  forward 
of  the  trunnion  band.  The  two  12-inch  rifled  mortars  were  made 
with  a  cast-iron  body  reinforced  by  a  double  row  of  steel  hooping. 
Of  these  types  the  breech-loading  mortar  only  survived  for 
service  construction,  but  gave  place  to  the  all-steel  mortar  in  the 
model  of  1890.  The  hooped  gims  and  mortars  of  this  iy^Q 
exemplified  the  built-up  construction  by  shrinkage  and  the 
principles  of  this  method  were  carefully  applied  in  making  them. 
The  manufacture  of  the  12-inch  hooped  rifle  was  preceded  by  an 
experimental  construction  embodying  a  complete  section  of  the 
gun  through  the  powder  chamber;  that  is,  a  compound  cylinder 
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forming:  a  counterpart  of  the  gun  section.  The  section  of  cast- 
iron  cylinder  used  in  this  trial  was  cut  from  the  body  of  the  gun 
casting  and  the  steel  parts  were  of  similar  material  to  the  forg- 
ings  made  for  the  gun.  The  objects  accomplished  by  this  means 
were  the  verification  of  the  shrinkages  calculated  for  the  gun 
and  a  practical  test  of  the  metals  on  the  same  scale  as  the  gun 
itself. 

Cast-Steel  Guns. 

36.  Trials  of  cast-steel  gims  w^ere  authorized  by  the  act  of 
March  3,  1887,  and  two  guns  of  6-inch  calibre  w^ere  procured 
and  tested  by  the  Xavy  Department.  One  was  made  of  Bes- 
semer steel  by  the  Pittsburg  Steel  Casting  Company,  and  the 
other  of  open-hearth  steel  by  the  Standard  Steel  Casting  Com- 
j>any.  The  processes  of  treatment  of  the  castings  were  left  in 
the  hands  of  the  manufacturers  and  have  not  been  published. 
It  is  understood  that  both  guns  were  cast  solid  and  that  the 
Biessemer  casting,  after  having  been  bored  out,  was  subjected  to 
a  process  of  heating  combined  with  interior  cooling  to  produce 
a  certain  degree  of  initial  tension,  but  the  effect  of  this  treatment 
has  not  been  ascertained.  The  open-hearth  casting  is  believed 
to  have  been  simply  annealed.  In  the  firing  tests,  which  were 
made  first  with  reduced  charge  and  then  with  the  normal  charge 
for  gims  of  this  caliber,  the  Bessemer  gun  burst  explosively  at 
the  second  round.  The  open-hearth  gun  was  undul}^  enlarged 
after  firing  twelve  rounds.  The  strength  of  these  guns  was  in- 
sufficient for  the  powder  pressure,  which  amounted  to  about 
fifteen  tons  per  square  inch.  Specimen  tests  of  the  Bessemer 
steel  gave  an  elastic  limit  varying  from  43,000  to  55,000  pounds, 
and  of  the  open-hearth  steel  from  30,000  to  40,000  pounds.  On 
the  usual  })asis  of  estimate  for  strength  of  gun  cylinders  the 
open-hearth  gun  might  have  supported  with  safety  repeated 
powder  pressure  not  exceeding  about  ten  tons. 

37.  Another  cast-steel  gun,  of  8-inch  calibre,  proposed  by  the 
well  known  and  esteemed  inventor,  Dr.  GatHng,  was  procured 
joirsuant  to  act  of  Congress,  June  6,  1896,  and  tested  in  1899. 
In  the  construction  of  this  gun  it  was  attempted  to  produce 
initial  tension  by  mandreling  the  bore  while  hot.  On  trial  the 
^n  hurst  explosively  at  the  fifteenth  round,  after  being  subjected 
to  pressures  not  exceeding  about  41,000  pounds.  One  of  the 
broken    fragments,    comprising    half    of    the    powder    chamber. 
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showed  along  the  ruptured  surface  three  cavities  extending  from 
one  to  four  inches  into  the  body  of  the  metal. 

38.  The  Bofors  Company,  in  Sweden,  makes  guns  of  cast-steel 
of  a  first  rate  quality.  It  must  be  understood,  however,  that 
these  guns  are  made  with  tube,  jacket  and  hoops  on  built-up 
principle  and  the  separate  parts  are  nickel  steel  castings  treated 
to  improve  their  quality  in  essentially  the  same  manner  as  the 
forgings  used  for  other  steel  guns. 

Wire  Wound  Guns. 

39.  The  modern  mre-wound  gun  is  a  worthy  rival  of  the  built- 
up  forged  steel  gun.  The  same  principles  are  employed  in  the 
construction  of  both.  Dr.  W.  E.  Woodbridge  presented  the  first 
plan  for  a  wire-wound  gun  in  1850^  when  a  2.5-inch  gun  was 
made  and  tested.  Three  additional  Woodbridge  guns,  of  10- 
inch  caliber,  have  also  been  tested.  The  first,  proposed  in  1872, 
was  a  muzzle-loader  comprising  a  thin  steel  tube  wound  with 
wire  and  subsequently  dipped  as  a  w^hole  into  molten  solder  to 
fill  the  interstices  between  the  mres  and  consolidate  the  struc- 
ture. This  gun  on  trial  was  ruptured  longitudinally  after  a  lim- 
ited number  of  rounds.  The  second  10-inch  rifle  was  a  breech- 
loader made  of  a  cast-iron  body  wrapped  with  steel  wire.  The 
test  was  concluded  in  1892  after  firing  161  rounds.  In  common 
with  other  cast-iron  bores  it  suffered  great  erosion  and  was  laid 
aside.  The  third  was  a  steel  10-inch  breech-loading  rifle  with  a 
steel  tube,  a  steel  jacket  of  cold  rolled  bars  or  staves  made  to 
form  a  cylinder  fitting  the  tube  over  about  one-half  its  length 
from  the  breech  and  steel  wire  wound  over  the  jacket.  The  test 
of  this  gun,  in  1894,  produced  four  serious  longitudinal  cracks 
in  the  bore  of  the  tube  after  firing  23  rounds.  These  cracks 
were  generally  developed  in  straight  lines  following  the  joints  of 
the  enveloping  stave  cylinder. 

40.  The  Brown  segmental  wire  gun  is  still  on  trial.  This  con- 
sists essentially  of  a  steel  tube  enveloped  by  a  segmental  jacket 
which  is  wrapped  on  the  outside  with  steel  wire.  Two  guns  of 
5-inch  caliber  have  been  tested;  one  by  firing  192  rounds,  in 
1894,  and  the  other  300  rounds,  in  1899.  In  the  first  of  these 
guns  the  segmental  jacket  was  formed  by  twelve  wedge-shaped 
staves  forming  a  cylinder  around  the  tube  or  liner  but  the  latter 
extended  from  the  breech  to  a  distance  in  front  of  the  powder 
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chamber  only,  leaving  the  forward  portion  of  the  bore  to  be 
formed  bv  the  segmental  cylinder.  In  the  second  giin  the 
wedge-shaped  segments  are  replaced  by  curved  segments  form- 
ing the  segmental  tube  and  the  lining  tube  extends  throughout 
the  length  of  the  bore.  The  latter  construction  is  also  used  in 
the  10-inch  breech-loading  rifle  now  at  the  proving  ground.  It 
is  understood  that  the  company  kas  undertaken  to  submit  for 
trial  a  G-incli  gun  designed  to  give  a  muzzle  velocity  of  3,500 
f.  s.  with   100-pound  projectile. 

41.  The  Crozier  10-inch  \Vire-wound  gun  consists  essentially 
of  a  cylindrical  tube  of  the  usual  type  wrapped  throughout  its 
length  with  steel  wire  and  an  outside  jacket  utilized  to  support 
tlie  breech  block  and  the  gun  in  mounting.  This  gun  w^as  tested 
by  firing  275  rounds,  and  recommended  i.n  1896 — page  320, 
report  of  1896 — by  the  testing  board  as  a  suitable  gun  for 
ser\4ce.  The  construction  of  a  6-inch  gun  on  the  same  general 
plan,  which  may  be  developed  to  give  a  muzzle  velocity  of  3,600 
f.  s.,  has  been  recently  undertaken. 

Types  of  Gun  Carriages. 

42.  The  development  of  types  of  gun  carriages  followed  that 
of  the  guns.  The  first  improved  type  of  metal  field  carriage 
with  bow  spring  brakes  was  planned  by  Lieutenant-Colonel  A.  R. 
Buffington,  of  the  Ordnance  Department,  who  installed  a  plant 
on  an  economical  basis  for  its  manufacture  at  Springfield  Ar- 
mory, ^Massachusetts,  in  1887.  This  type  is  now  being  replaced 
by  the  long  recoil,  model  of  1902. 

43.  The  present  model  of  5-inch  siege  carriage  dates  from 
1896.  It  is  a  wheeled  carriage  with  the  gun  mounted  rigidly  in 
the  trunnion  beds  at  a  height  sufficient  to  fire  over  a  high  para- 
pet. In  firing,  the  carriage  is  anchored  to  a  pintle  on  the  siege 
platfr>rm  by  means  of  an  hydraulic  cylinder  that  absorbs  the 
recoil.  Wedges  are  also  placed  behind  the  wheels.  A  limber 
is  used  with  the  carriage  for  travelling  and  the  gun  is  shifted  to 
the  travelling  beds  to  distribute  the  weight  on  the  four  wheels. 
This  type  of  gnn  and  carriage,  with  45-pound  projectile,  is  to  be 
replacfd  ])y  one  of  4.7-inch  caliber,  with  60-pound  projectile, 
the  carnage  for  which  will  provide  for  long  recoil  gun  on  car- 
riagf  to  give  the  same  steadiness  in  firing  as  the  model  1902  field 
gun. 
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4-i.  The  present  7-incli  siege  howitzer  carriage,  model  1899, 
supersedes  the  first  model  of  1890.  The  height  of  axis  of  piece 
in  firing  position  is  reduced  in  the  later  model  and  the  carriage 
made  about  1,000  pounds  lighter,  with  simpler  construction, 
improved  sights  and  brakes  and  improved  means  for  shifting  the 
piece  for  travelling.  The  general  arrangement  of  the  recoil 
system  is  the  same  as  in  the  original  carriage.  This  was  de- 
signed by  Captain  William  Crozier,  Ordnance  Department 
(Xotes  on  Construction  of  Ordnance  Xo.  57,  January  12,  1891), 
introducing  the  novel  feature  at  that  time  of  recoil  of  piece  on 
carriage  for  mobile  artillery.  The  piece  is  restrained  on  the 
carriage  by  a  pair  of  hydraulic  recoil  cylinders  and  counter  recoil 
springs  in  addition  to  the  hydraulic  cylinder  anchored  to  the 
pintle  of  the  platform. 

45.  The  3.6-inch  mortar  carriage  dating  from  1890  is  a  simple 
rigid  tA^De  fired  from  a  small  wooden  platform.  To  avoid  over- 
turning the  carriage  when  fired  with  full  charges  at  the  lower 
elevations,  it  is  necessary  to  anchor  it  with  a  rope  attached  to 
the  front  of  the  checks  and  fastened  to  some  anchorage  such  as 
a  strong  stake  driven  into  the  ground.  The  first  model  of  7-inch 
mortar  carriage  dates  from  1892  but  has  been  since  improved 
and  modified.  The  piece  is  restrained  in  recoil  by  a  pair  of 
hydraulic  cylinders  and  is  returned  to  the  firing  position  by 
counter  recoil  springs.  Clip  circles  are  attached  to  the  wooden 
platform  to  permit  of  traversing  about  a  fixed  position  by  means 
of  a  hand  bar  engaging  in  the  teeth  of  a  rack  cut  in  the  rear  clip 
circle. 

46.  The  carriages  for  rapid  fire  guns  of  the  sea-coast  arma- 
ment, which  include  the  guns  up  to  6-inch  caliber,  are  of  bar- 
bette and  pedestal  type,  excepting  the  6-pounder  and  also  the 
6-inch  guns  on  disappearing  carriages.  A  part  of  the  15- 
pounder  and  5-inch  rapid  fire  guns  have  the  so-called  balanced 
pillar  mount  which  enables  the  gun  to  be  lowered  behind  the 
parapet  when  not  in  action  and  concealing  it  from  view  of  the 
enemy.  When  raised  to  the  firing  position,  however,  and  during 
the  whole  period  of  action  the  protection  is  no  greater  than  the 
ordinary  barbette  mounting. 

47.  The  6-pounder  carriage  is  a  wheeled  mount  designed  in 
1896  for  the  double  purpose  to  use  in  a  fixed  position,  with 
anchorage  behind  a  parapet,  and  for  moving  into  the  open  for 
firing  upon  landing  parties.     The  piece   has   a   short   recoil   of 
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jTuii  on  carriag'e  and  is  unsteady  in  firing  even  when  firmly  an- 
chored. In  future  construction  the  6-pounder  guns  will  be 
given  a  pedestal  mount.  The  15-pounder  rapid  fire  gun  car- 
riages have  been  materially  modified  since  the  early  type  of 
1897.  The  balanced  pillar  construction  then  adopted  for  this 
caliber  as  well  as  for  5-inch  rapid  fire  guns  is  expensive  and 
found  not  to  be  as  satisfactory  in  operation  as  desired.  A  fixed 
peilestal  mount  was  substituted  later.  The  model  of  1902  15- 
pounder  carriage  embodies  the  latest  improvements  including 
particularly  gearing  for  controlling  the  traverse  of  the  gun  and 
improved  arrangements  of  the  telescopic  sight  mounting. 

48.  The  first  6-inch  rapid  fire  guns  were  mounted  on  a  Bufiing- 
ton-Crozier  disappearing  carriage,  model  1898.  In  1900  an 
improved  model  of  barbette  carriage,  with  curved  shield,  was 
designed  as  a  type  for  5-inch  and  6-inch  rapid  fire  guns  on  bar- 
bette mounts.  A  number  of  these  carriages  are  now  under  con- 
struction. Later  a  decision  was  reached  to  restore  the  disap- 
pearing mount  to  the  6-inch  gun  and  it  has  been  urged  also  to 
likewise  mount  the  5-inch  guns  in  future  to  afford  the  best 
protection  to  the  gun  and  mount  and  also  to  the  firing  party. 


Sea-coast  Barbette  Carriages. 

49.  A  limited  number  of  the  heavier  sea-coast  guns  are 
mounted  upon  open  barbette  carriages,  designed  to  be  ultimately 
protected  by  front  shields  as  in  the  case  of  the  rapid  fire  guns 
on  barbette  mounts.  The  types  of  heavy  barbette  carriages 
include  the  8-inch  model  1892,  10-inch  model  1893  and  12-inch 
model  1892,  which  are  similar  in  their  main  features  and  act 
upon  the  ''  gravity  return  "  principle.  The  rails  of  the  chassis 
are  inclined  upward  to  the  rear  and  the  top  carriage  carrying  the 
gun  is  mounted  thereon  with  rollers.  The  recoil  is  absorbed  by 
hydranlic  recoil  cylinders  and  the  top  carriage  returns  to  the 
firing  position  by  rolling  down  the  inclined  rails  of  the  chassis 
under  the  action  of  gravity.  The  loading  arrangements  for 
these  carriages,  particularly  the  chain  shot  hoist,  are  slow  and 
cumbersome.  The  carriages  are  geared  for  ready  hand  power 
control  in  traversing  and  elevation. 
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Sea-coast  Casemate  Carriage. 

50.  A  12-iiich  minimum  port  casemate  carriage  was  ordered 
from  Grusonwork,  Germany,  1892,  and  tested  at  the  Sandy 
Hook  Proving  Ground  (Appendix  26,  Report  of  1895).  The 
manoeuvring  of  this  carriage  is  controlled  in  large  part  by 
hydraulic  machinery,  the  pressure  for  which  is  taken  from  an 
accumulator  fed  by  a  hand  pumping  apparatus  supplied  by  six 
pumps  served  by  twelve  men.  A  steam  pump  may  be  sub- 
stituted for  the  hand  power.  The  carriage  fulfilled  the  con- 
ditions of  the  trial  and  was  accepted  as  a  type  suitable  for  service. 
It  can  be  adapted  for  guns  of  8,  10  or  12  inch  caliber.  How- 
ever, no  call  has  been  made  for  this  type  of  mounting  for  guns 
in  our  service  since  no  armored  casemate  forts  have  been  erected. 

Mortar  Carriages. 

51.  12-inch  mortar  carriages  were  amongst  the  first  to  be  fur- 
nished in  quantity  with  the  new  armament.  Two  type  carriages 
were  ordered  in  1890^  one  from  Easton  (fe  Anderson,  of  the 
Ivaskazoff  spring  return  pattern,  and  the  other  from  Whitworth, 
of  the  Canet  pattern.  The  Easton  &  Anderson  carriage  com- 
bined hydraulic  recoil  cylinders  with  two  piles  of  Belville  springs 
to  return  the  piece  to  the  firing  position.  The  carriage  was  ac- 
cepted, T^dtll  modifications,  as  a  type  in  1891  and  eighty-five  of 
them  have  been  manufactured  for  service.  Considerable  difficulty 
was  met  in  manufacturing  the  Belville  springs,  and  although  this 
was  overcome  by  careful  investigation  and  tests  made  with  the 
Emory  testing  machine  at  Watertown  Arsenal,  it  was  finally 
determined  to  use  coiled  springs  in  place  of  the  Belville. 

52.  The  Canet  carriage  comprised  hydraulic  cylinders  with 
requisite  throttling  arrangement  to  check  the  recoil  and  a  re- 
cuperator holding  compressed  air  under  an  initial  pressure  of 
about  900  pounds  per  square  inch  to  return  the  piece  to  the 
firing  position.  The  leakage  of  air  from  the  recuperator  during 
the  trial  was  comparatively  slight.  The  manoeuvring,  however,, 
was  slow  and  the  general  results  of  the  trial  failed  to  recommend 
the  t^7)e  for  service. 

53.  The  present  type  of  12-inch  mortar  carriage,  model  1896, 
of  which  about  300  have  been  provided,  was  designed  by  Captain 
AV.  B.  Gordon,  Ordnance  Department,  U.  S.  A.     The  first  car- 
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riago  was  inado  at  the  AVest  Point  foundry,  Cold  Spring,  New 
York,  in  ISD."),  and  after  trial  was  adopted  with  the  minor  modi- 
fications shown  to  bo  necessary.  In  this  carriage  the  recoil  is 
checked  by  hydraulic  cylinders  and  the  piece  returned  to  the 
firing  position  by  springs  compressed  during  recoil.  A  number 
of  double  coil  spiral  springs  are  placed  under  the  saddle  that  sup- 
ports the  piece  at  a  point  about  one-third  its  length  from  the 
pivot  connection  of  the  saddle  with  the  racer  of  the  carriage. 
The  recoil  is  checked  by  two  hydraulic  cylinders  with  return  pas- 
sage. The  cylinders  are  trunnioned  and  hung  in  brackets  bolted 
to  the  u]")per  surface  of  the  racer,  one  on  each  side  of  the  car- 
riage. The  lower  ends  of  the  cylinders  are  connected  by  an 
equalizing  pipe.  The  carriage  is  geared  for  traversing  and  eleva- 
tion by  hand  power.  Recent  modifications  of  this  carriage  have 
been  found  necessary  to  strengthen  the  racer  and  other  parts  to 
support  the  strain  due  to  the  use  of  full  charges  of  smokeless 
powder.  Improved  quadrants  for  giving  elevations  are  also 
under  trial. 

Gun  Lift  Carriages. 

54.  The  first  form  of  disappearing  carriage  to  be  adopted  in 
the  service  is  the  gun  lift  carriage,  which  is  used  in  the  emplace- 
ments of  special  construction.  The  gun  and  carriage  complete 
are  lowered  in  a  shaft  and  completely  concealed  in  the  loading 
position,  the  loading  being  done  through  a  gallery  opposite 
which  the  breech  of  the  gun  stands  when  lowered.  The  power 
for  raising  and  lowering  is  furnished  by  hydraulic  apparatus  con- 
nected with  an  accumulator.  The  carriage  proper  differs  but 
little  from  the  gravity  return  barbette  carriages,  excepting  an 
automatic  arrangement  of  the  recoil  cylinders  to  retain  the  gun 
in  the  retracted  position  for  lowering  into  the  shaft  and  loading. 
The  expense  for  installation  and  maintenance  of  the  gun  lift  bat- 
X^ry^  the  slow  rate  of  fire  of  the  guns  and  the  later  adoption  of 
the  disappearing  carriage  has  led  to  a  very  limited  installation 
of  the  gim  lift  carriage  proper.  A  few  altered  gun  lift  carriages 
have  been  mounted  in  ordinary  barbette  emplacements. 

Disappearing  Carriages. 


'.)'.). 


The    following    disappearing    carriages    were    made    and 
tested  prior  to  or  concurrent  with  the  present  adopted  types  of 
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Biiffington-Crozier  carriage  for  6,  8,  10  and  12  incli  high  power 
sea-coast  guns,  namely: 

Pneumatic  lO-inch  carriage,  1st  pattern,  produced  in  1891 

2nd       *'  "  "   1899. 

Gordon      "      "    1st   "       "  "  1892. 

2nd   "       "  "  1894. 

Howell  .'  '.  it  <i   1898. 

The  first  pneumatic  carriage  was  furnished  under  specifica- 
tions calling  for  the  piece  to  be  raised  to  the  firing  position,  its 
recoil  controlled,  the  carriage  traversed  and  the  charge  raised 
and  loaded  in  the  gun  by  compressed  air  power.  Also  to  pro- 
vide a  hand  pump  capable  of  charging  the  recoil  cylinders  so 
that  steam  power  might  be  dispensed  with,  and  to  provide  means 
for  traversing,  elevating  and  loading  the  piece  by  hand  power. 
This  carriage  fulfilled  the  tests  prescribed  for  acceptance,  but 
its  slowness  in  operating  by  hand  power  and  general  perform- 
ance, coupled  vrith.  the  extent  of  steam  plant  required,  failed 
to  commend  it  as  a  service  type.  The  second  carriage  failed  to 
fulfil  the  tests  for  acceptance. 

56.  The  first  Gordon  10-incli  carriage  comprised  essentially 
a  heavy  bed  plate  supporting  two  side  frames  with  a  pivot  plate 
fastened  under  the  bed  plate;  the  whole  resting  upon  a  traverse 
circle,  for  the  substructure.  The  top  carriage  carrying  the  gun 
is  attached  to  the  inner  ends  of  two  double  crank  arms  on  each 
side,  journaled  through  the  side  frames  and  carrying  heavy 
counterpoise  plates  outside  of  the  frame.  In  recoil  the  crank 
arms  revolve  180  degrees,  the  gun  being  lowered  at  the  same 
time  that  the  weights  are  raised  by  revolution  of  the  crank  arms. 
Two  hydraulic  cylinders  are  connected  with  this  motion,  in  which 
the  piston  rods  are  pushed  to  the  front  and  force  liquid  into  an 
air  chamber  to  store  therein  sufficient  energy  to  raise  the  piece 
to  the  firing  position  by  air  pressure  on  opening  a  valve.  On 
trial  the  carriage  was  found  to  be  slow  in  operation  but  showed 
enough  merit  to  warrant  the  construction  of  an  improved  pat- 
tern. The  trial  of  the  second  carriage  was  fairly  satisfactory, 
and  resulted  in  an  opinion  from  the  testing  board  that  the  car- 
riage might  be  used  in  emplacements  where  a  center  pintle 
carriage  furnishing  an  all-around  fire  is  desired. 

57.  The  Howell  10-inch  is  a  counterpoise  carriage  embodying 
the  plan  in  which  the  gun  levers,  upon  the  ends  of  which  the 
gun  is  supported,  revolve  about  a  fixed  axis,  and  the  counter- 
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weiiilit  is  supported  at  the  other  ends  of  the  arms  bv  interposition 
of  an  hydraulie  cylinder  t(^  reduce  the  shock  of  suddenly  starting 
the  counterweight.  On  trial  the  carriage  passed  the  firing  tests 
prescribed  for  acceptance;  it,  however,  weighed  nearly  twice  as 
much  as  the  Buiiington-Crozier  and  did  not  equal  the  latter  in 
general  performance. 

Buffington-Crozier  Disappearing  Carriages. 

5S.  In  1800  Captain  William  Crozier  (now  Chief  of  Ord- 
nance, U.S.A.)  redesigned  a  type  of  counterpoise  carriage  that 
had  been  proposed  some  years  previously  by  General  Buffington 
when  a  Captain  of  Ordnance.  The  principal  features  of  the 
carriage  relating  to  the  disappearing  principle  comprise  a  pair 
of  gun  lever  arms,  with  the  gun  supported  in  trunnions  at  the 
upper  end  and  a  counterw^eight  attached  at  the  lower  end.  The 
counterweight  is  raised  when  the  gun  recoils  in  firing  and  be- 
comes operative  to  return  the  gun  in  battery  upon  releasing  the 
pawls.  The  gim  lever  arms  are  mounted  on  a  horizontal  axis, 
which  is  journaled  in  the  top  carriage.  The  top  carriage  moves 
on  rollers  to  the  rear  in  recoil  and  carries  with  it  two  hydraulic 
cylinders  mth  throttling  bars  giving  variable  openings  in  the 
passage  of  the  piston  head  so  designed  as  to  make  the  resistance 
imiform  throughout  the  recoil.  The  counterweight  aifords 
some  assistance  in  checking  the  recoil.  During  the  recoil  the 
trunnions  of  the  gun  describe  ellipses  in  passing  to  the  loading 
position.  Sample  8  and  10  inch  carriages  of  this  type  were 
tested  in  1804  and  at  once  adopted  for  service.  The  Ordnance 
Board,  which  conducted  the  tests,  reported  as  to  the  8-inch: 
^'  The  test  of  this  carriage  has  demonstrated  that  it  possesses  in 
a  marked  degree  the  properties  which  should  pertain  to  a  dis- 
appearing carriage  for  high  power  guns.  It  is  simple  in  con- 
struction so  that  its  parts  and  purposes  are  easily  understood." 
Also  as  to  the  10-inch:  "  The  advantages  of  this  system  of  disap- 
pearing carriage,  as  set  forth  in  the  report  of  the  Board  on  the 
8-inch  carriage,  are  confirmed  and  emphasized  by  trial  of  a  car- 
riage adapted  for  a  gun  of  much  greater  caliber  and  power,  and 
it  is  the  oj)inion  of  the  Board  that  the  exhanstive  test  to  which 
this  j»ystem  has  now  been  su])jected  demonstrates  that  on  account 
of  the  simple  features  of  construction  involving  no  valves,  pumps 
or  other  complicated  appliances,  and  the  fact  that  by  methods 
ea.sily  understood  by  the  average  artillery  soldier  the  operations 
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of  loading  and  manoeiivring  are  effected  with  remarkable  ease, 
certainty  and  rapidity,  it  is  worthy  of  adoption  in  the  service  on 
all  sites  except  those  where  an  all-round  traverse  is  absolutely 
necessary,'^  The  all-around  fire  model  of  10-inch  carriage  was 
produced  in  1896.  Improved  models  of  the  8  and  10  inch  car- 
riages for  limited  field  of  fire  were  also  produced  in  1896,  com- 
prising a  center  turn-table  instead  of  a  forward  turn-table  and 
rear  traverse  circle,  and  live  chassis  rollers  instead  of  axle  rol- 
lers. The  field  of  fire  was  increased  from  150  to  170  degrees,  and 
a  considerable  saving  of  counterweight  effected  a  material  reduc- 
tion in  the  effort  required  to  haul  a  piece  down  by  hand. 

59.  When  the  model  1896  12-inch  carriage  was  tested  and 
the  time  required  to  fire  ten  rounds  was  16  minutes  57.2  seconds, 
it  was  felt  that  a  notable  advance  in  gun  carriage  construction 
had  been  made,  since  it  had  previously  been  considered  imprac-  * 
ticable  to  mount  guns  of  this  size  and  power  upon  disappearing 
carriages.  An  improved  model  of  12-inch  carriage  was  brought 
out  in  1897. 

60.  The  6-incli  disappearing  carriage,  model  1898,  includes  a 
sighting  platform  with  handwheels  and  gearing  that  enable  the 
gunner  himself  to  control  the  direction  and  elevation  of  the  gun 
from  his  position  at  the  telescopic  sight. 

61.  Up  to  this  date  the  carriages  were  arranged  to  be  operated 
in  traversing  and  elevation  and  for  retraction  by  hand  power. 
They  are  now  being  modified  to  use  electric  power  for  these  oper- 
ations. The  latest  patterns  of  the  Buffington-Crozier  disappear- 
ing, carriage,  model  of  1901,  embody  all  of  the  desirable  improve- 
ments indicated  by  experience  and  practice  had  Avith  tlie  car- 
riages up  to  the  present  time,  including  the  application  of  a  sys- 
tem of  electric  control  in  connection  with  an  improved  method 
of  sighting. 

Q'2.  The  manufacture  of  sea-coast  carriages  proceeded  rapidly 
after  the  t}T)es  were  established.  At  the  close  of  the  fiscal  year 
ended  June  30,  1898,  398  carriages  had  been  delivered;  in  1899 
the  number  was  increased  to  605,  and  in  1903  to  1,000. 

Industrial  Development  Accomijanying  the  Demand  for  Modern 

Ordnance, 

63.  The  built-up  forged  steel  gun,  as  is  generally  known,  is 
the  type  of  construction  used  in  existing  land  as  well  as  navy 
ordnance.     Before   discussing  the  principles  of  construction   of 
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the  type,  referenee  will  be  made  to  the  industrial  development  in 
.this  country,  which  may  be  said  to  be  a  direct  consequence  of  the 
demonstrated  success  of  this  type  of  gun  in  the  early  eighties. 
That  is  to  say,  progress  in  armament  was  waiting  for  a  good  gun 
and  after  it-s  adoption  the  rest  followed  as  a  matter  of  course. 
The  immense  operations  of  the  Navy  Department  will  not,  of 
course,  be  forgotten  by  any  one  in  this  connection,  but  these 
remarks  nuist  be  confined  to  the  influence  of  the  War  Depart- 
ment, and  more  particularly  the  Ordnance  Bureau  of  the  War 
Department,  which  is  charged  with  the  procurement  of  the  land 
ordnance.  The  lirst  active  steps  for  manufacture  of  high  power 
steel  guns  were  taken  in  1883,  when  a  field  gun  was  ordered  and 
the  forgings  procured  for  8-inch  and  10-inch  sea-coast  rifles. 
The  8-inch  rifle  was  completed  in  1886,  at  the  West  Point 
•  foundry,  where  I  was  at  the  time  on  duty  as  inspector  of  ord- 
nance. Two  years  later,  by  the  act  of  September  22,  1888,  a 
long  period  of  inaction  was  terminated  and  Congress  made  lib- 
eral appropriations  for  the  manufacture  of  these  guns,  and  each 
year  since  has  continued  appropriations  enabling  rapid  progress 
to  be  made  towards  the  completion  of  the  plans  for  sea-coast 
defense  proposed  by  the  Endicott  Board  in  1886,  as  well  as  for 
improving  the  field  and  siege  armament.  The  progress  shown 
in  the  procurement  of  sea-coast  armament  dates,  therefore,  from 
1888. 

64.  In  his  annual  report  of  1903  the  Chief  of  Ordnance,  Gen- 
eral Crozier,  gives  the  number  of  guns  manufactured  which  have 
been  issued  or  are  available  for  issue  to  fortifications,  together 
with  nearly  an  equal  number  of  carriages,  as  follows: 

6- pounder  rapid-fire  puns 70 

15-pounder  rapid-fire  guns 119 

4-incb  rapid-fire  guns 4 

4  .7-incli  rapid-fire  Armstrong  guns 34 

5-inch  rapid-fire  (Ordnance  Department)  guns 32 

6-incb  rapid-fire  Armstrong  guns 8 

6- inch  rai>id-fire  (Ordnance  Department)  guns 42 

8-inch  breech-loading  rifles 85 

lOindi  breecli-loading  rifles 134 

12-inch  breech-loading  rifles 127 

12-inch  breech-loading  mortars 371 

Total 1,026 

65.  The  report  of  the  Secretary  of  War  for  the  same  year 
states  that  the  provision  of  heavy  guns  in  sea-coast  fortifications 
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is  far  advanced.  The  most  pressing  requirements  in  the  wav 
of  material  are  a  further  provision  of  rapid  fire  guns  and  the 
installation  of  fire  control  apparatus.  A  table  is  given  showing 
that  about  $51,3-i2,800  have  been  expended  for  armament,  in- 
cluding material  in  process  of  manufacture,  and  the  amount 
remaining  to  be  appropriated  for  armament  to  complete  the 
project  is  $12,111,775. 

66.  In  the  inception  of  this  work  the  Chief  of  Ordnance,  Gen- 
eral Benet,  on  April  3,  1883,  addressed  a  circular  letter  (report 
of  1883,  page  6)  to  more  than  twenty  of  the  principal  steel 
makers  in  the  United  States  to  ascertain  existing  facilities  for 
making  gun  steel  forgings  and  inviting  an  expression  of  their 
views  on  the  subject.  The  letter  stated  the  physical  qualities 
required  in  forgings  and  summarized  the  methods  of  manu- 
facture in  vogue  in  other  countries  so  far  as  known  at  the  time. 
The  replies  to  this  letter  were,  with  one  or  two  exceptions, 
adverse  to  taking  up  the  work  and  introducing  new  plants,  being 
no  doubt  largely  influenced  by  the  uncertainty  at  that  time  at- 
tending its  future.  The  Midvale  Steel  Company  was  the  first 
to  respond  and  undertake  the  manufacture,  first  of  plain  hoop 
and  then  of  trunnion  hoop  forgings,  and  by  improving  its 
facilities  was  able  in  1885  to  accept  an  order  for  a  complete  set 
of  forgings,  tube,  jacket  and  hoops  for  an  8-inch  rifle.  Mean- 
time, in  the  absence  of  facilities  in  this  country  for  making  the 
larger  forgings,  in  all  six  gun  tubes,  three  jackets  and  five 
trunnion  hoop  forgings  for  different  types  of  experimental 
8-inch,  10-inch  and  12-inch  guns  were  ordered  from  abroad  from 
Sir  Joseph  AVhitworth  &  Company  and  the  Creussot  Steel 
.AVorks.  Meantime  also,  the  Ordnance  Department  continued 
with  limited  means  to  procure  forgings  for  field  and  siege  guns 
and  hoop  forgings  for  sea-coast  guns — the  latter  largely  for 
experimental  purposes,  which  produced  results  of  great  benefit 
to  the  art  of  manufacture  and  knowledge  of  a'nn  construction. 
The  Cambria  Iron  Works  undertook  a  part  of  these  orders  but 
did  not  materially  enlarge  its  plant.  The  net  result  was  that 
when  in  1888  through  act  of  Congress  the  Department  was  able 
to  give  larger  orders  for  forgings,  the  Midvale  Steel  Company 
and  the  Bethlehem  Iron  Works  were  prepared  to  fill  them  for 
all  the  sizes  of  forgings  demanded.  Both  companies  received 
remunerative  orders  and  that  of  the  Bethlehem  company  in- 
cluded   twenty-three    8-inch,    twenty-three    10-inch    and    fifteen 
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12-incli  sets  of  complete  forgings  for  guns.  Up  to  June  30, 
llK)o,  an  approximate  estimate  of  the  amount  of  gun  steel  forg- 
inirs  procured  by  the  War  Department  since  1888  from  domestic 
manufacturers  is  25,700  long  tons,  at  an  average  cost  of  about 
$500  per  ton,  or  an  aggregate  of  about  $14,000,000. 

07.  I  think  it  may  be  fairly  claimed  that  the  thorough  and 
svstematic  course  of  investigation  of  quality  and  manufacture 
pursued  by  the  Ordnance  Department  in  the  incipiency  of  gun 
steel  nuinufacture  in  this  country  was  most  influential  in  bring- 
ing about  a  speedy  and  satisfactory  state  of  manufacture  and  in 
making  it  profitable  as  well  by  establishing  the  excellence  of  the 
built-up  forged  steel  gun.  One  of  the  first  steps  taken  was  to 
test  the  efiiciency  of  oil  tempering  as  compared  with  simple  an- 
nealing. Two  hoops  of  open-hearth  steel,  about  45  inches 
interior  diameter  and  4  inches  thick,  were  procured  from  the 
^lidvale  company,  one  having  been  annealed,  oil  tempered  and 
again  annealed,  and  the  other  simply  annealed.  Test  specimens 
were  taken  from  the  hoops  and  the  hoops  themselves  were 
assembled  with  relatively  heavy  shrinkage  upon  cast-iron  cyl- 
inders. The  results  (Xotes  on  the  Construction  of  Ordnance, 
No.  25)  were,  first,  to  establish  the  superiority  of  the  oil 
tempered  and  annealed  metal  on  account  of  its  high  elastic  limit 
and  great  extensibility  within  that  limit,  and,  second — which  was 
highly  important — to  establish  a  striking  similarity  between  the 
behavior  of  the  metal  in  the  specimen  tests  and  that  of  the  hoops 
as  a  whole  in  the  shrinkage  tests.  This,  indeed,  gave  a  basis  for 
all  future  shrinkage  work,  since  it  is  upon  the  tests  of  detached 
specimens  that  we  must  judge  generally  of  the  physical  qualities 
of  the  metal. 

68.  Next  followed  shrinkage  and  specimen  tests  of  trunnion 
hoops  to  determine  the  quality  of  metal  to  be  obtained  in  these 
irregular  pieces.  And  then  the  actual  construction  of  a  type 
sea-coast  gim  was  preceded  by  building  up  a  compound  cylinder 
madf  to  bo  a  complete  counterpart  of  the  gun  in  the  section 
throiigli  the  reinforce.  The  purposes  of  these  experimental 
constructions  were  fully  realized,  namely:  to  obtain  such  data  as 
could  be  made  available  in  future  construction  of  the  guns;  to 
determine  the  behavior  of  the  elementary  cylinders  in  combina- 
tion under  the  theoretical  shrinkages  previously  deduced  by  a 
mathematifal  application  of  the  formulae  and  thus  test  the 
theories  upon  which  the  formuhc  are  based;  to  observe  the  in- 
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dividual  behavior  of  the  elementary  cylinders;  and,  finally,  to 
determine  whether  the  shrinkages  so  deduced  should  be  applied 
in  the  future  construction  of  the  gams  or  to  what  extent  they 
should  be  modified   for   that   construction. 

69.  An  interesting  discussion  of  the  quality  of  steel  most  suit- 
able for  guns  is  contained  in  the  proceedings  of  the  Xaval  In- 
stitute Xo.  40,  1887.  The  effort  was  made  to  show  that  the 
steel  which  the  Army  and  Xavy  Ordnance  Bureaus  were  then 
advocating  was  of  a  grade  of  so-called  high  steel  with  uncertain 
strength  and  properties  and  that  guns  should  be  made  of  mild 
steel  with  little  or  no  carbon  and  having  an  ultimate  strength 
of  from  55,000  to  65,000  pounds.  The  commercial  advantage 
claimed  was  that  this  grade  of  steel  could  then  be  readily  manu- 
factured in  our  own  country  and  a  high  price  would  necessarily 
be  paid  for  the  special  steel  which  the  government  was  demand- 
ing. The  discussion  was  convincing  in  showing  that  what  was 
plainly  wanted  was  a  metal  possessing  a  high  elastic  limit  with 
good  ductility  and  ultimate  strength  to  withstand  the  pressure  to 
which  a  gun  may  be  subjected  Avithout  deformation.  Events 
have  since  shown  that  the  constant  demands  of  the  government 
for  maintaining  a  high  standard  of  quality  and  to  improve  it 
wherever  practicable  have  been  of  great  benefit  to  the  domestic 
trade  since  the  qualities  of  high  grade  steel  manufactured  for  all 
purposes  in  this  country  are  not  surpassed  elsewhere. 

70.  The  physical  qualities  prescribed  for  forgings  for  guns  of 
8  and  12  inch  caliber  and  upwards  are: 

Elastic                Tensile  Eloiitjation  /.„„,, „..f:^„ 

limit                  strength  after  ^  of  frS 

pounds                pounds  rupture  Tier  rent 

per  sq.  in.  per  sq.  in.  per  cent.  ^     vcm,. 

Tube 46,000  86,000  17  30 

Jacket 48,000  90,000  16  27 

Trunnion  hoops 50,000  90,000  14  20 

Cylindrical  hoops 53,000  93,000  14  20 

71.  The  steel  is  ordinarily  made  by  the  open-hearth  process 
with  a  medium  per  cent.,  about  45,  of  carbon.  Steel  containing 
about  3^  per  cent,  of  nickel  is  now  required  for  breech  blocks  and 
spindles  with  an  elastic  limit  of  70,000  pounds.  It  is  also  sup- 
plied for  field  guns  and  the  tubes  and  jackets  of  5  and  6  inch 
rapid  fire  guns,  the  prescribed  limit  being  65,000  pounds.  The 
tube  and  jacket  of  the  16-inch  type  gun  were  made  of  nickel 
steel,  since  the  manufacturers  would  not  otherwise  guarantee  the 
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required  elastic  limit  of  00,000  pounds  in  the  metal.  The  cost 
of  nickel  steel  for  the  present  acts  as  a  bar  to  its  more  extended 
use.     The  gain  in  elastic  limit  is  about  30  per  cent,  over  previous 

standards. 

7:?.  The  eskiblishment  of  the  army  gun  factory  at  Watervliet 
Arsenal  was  authorized  by  the  act  of  September  22,  1888.  The 
tools  and  equipments  were  purchased  and  sufficient  machinery 
installed  in  the  new  building  to  begin  operations  in  September, 
lSi>0,  or  ^vitliin  twenty-one  months  from  the  time  ground  was 
first  broken  for  building.  Up  to  June  30,  1903,  this  factory, 
besides  a  number  of  field  and  siege  guns  and  12-inch  mortars, 
had  completed  fifty-seven  8-inch,  one  hundred  10-inch,  one 
hundred  and  twenty-five  12-inch  and  one  16-inch  sea-coast  guns 
with  forgings  furnished  by  private  steel  makers.  The  present 
capacity  of  the  shops  per  annum  on  a  basis  of  8  hours'  work  per 
day  is  equivalent  to: 

Field  guns,  170  ;  siege  guns,  10  ;  siege  Howitzers,  10  ;  siege  mortars,  11;  5-inch 
rapid-fire  guns,  10  ;  6-incli  rapid-fire  guns,  13  ;  10-incli  guns,  16  ;  12-inch 
guns,  16;  12-inch  mortars,  20; 

or  a  total  of  about  276  pieces  of  the  different  calibers.  While 
a  large  proportion  of  the  guns  have  been  made  at  Watervliet 
Arsenal  a  goodly  number  have  also  been  made  at  private  fac- 
tories. All  of  the  6  and  15  pounder  guns  have  been  so  procured, 
as  well  as  a  number  of  sea-coast  guns  and  a  large  part  of  the 
mortars.  In  1891  the  Bethlehem  Steel  Company,  then  under 
the  management  of  Mr.  Frick,  made  contract  with  the  Depart- 
ment to  furnish  twenty-five  8-inch,  fifty  10-inch  and  twenty-five 
12-inch  gims  complete  and  at  once  proceeded  to  erect  the  fine 
gun  finishing  plant  which  to-day  distinguishes  that  company  as 
the  most  extensive,  complete  and  best  equipped  private  factory 
for  tlie  manufacture  of  ordnance  in  the  country. 

73.  The  Watertown  Arsenal  is  well  equipped  for  the  manu- 
facture of  the  modern  sea-coast  carriages  by  the  government. 
Its  capacity  is,  however,  limited  and  most  of  the  sea-coast  car- 
riages are  procured  from  private  establishments.  The  Kock 
Island  Arsenal  is  well  equipped  for  making  field  and  siege  car- 
riages. 

74.  The  Department  has  no  plant  for  the  manufacture  of 
powders  or  steel  projectiles.  These  constitute  a  large  item  of 
expenditure  hardly  ]('<><  in  amount  than  for  the  gims  or  carriages. 
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All  material  procured  from  private  factories  is  made  after 
specifications  prepared  by  the  Ordnance  Department,  and  under 
the  inspection  of  its  officers  stationed  at  the  place  of  manu- 
facture. It  is  besides  subjected  to  proof  firing  tests  for  accept- 
ance. Bv  this  system,  coupled  vdth  the  work  turned  out  from 
the  government  shops,  the  Ordnance  Department  is  admittedly, 
and  justly  so  I  believe,  credited  with  maintaining  a  high  standard 
of  excellence  for  its  products. 

Exjperiinents  Made  to  Determine  the  Utility  of  Initial  Tension 
and  Shrinkage  in  Gun  Construction^  Compared  with  Theory, 

75.  "When  a  simple,  homogeneous  cylinder  is  subjected  to  in- 
terior pressure  the  surface  of  the  bore  sustains  the  greatest  strain 
tangentially,  while  the  metal  of  the  wall  is  strained  to  a  less 
degree  depending  upon  its  distance  from  the  axis.  The  elastic 
resistance  of  the  cylinder  is  therefore  measured  by  an  interior 
pressure  that  mil  expand  the  bore  to  the  point  where  the  elastic 
extensibility  of  the  metal  is  reached.  In  a  cylinder  having  initial 
tension  produced  by  interior  cooling  or  by  the  shrinkage  of 
cylinders  one  upon  another,  or  by  vv'ire  winding,  in  either  case 
producing  a  compression  of  the  metal  at  the  surface  of  the  bore, 
the  same  law  of  strains  due  to  an  applied  interior  pressure  holds 
good  as  in  a  simple  cylinder,  but  the  outer  layers  of  metal  having 
been  initially  strained  will  be  worked  at  greater  tension  than 
in  the  case  of  a  simple  cylinder  and  the  aggregate  resistance  to 
interior  pressure  will  be  increased.  It  is  necessary,  of  course, 
to  observe  that  none  of  the  outer  layers,  or  indeed  any  of  the 
metal  in  the  wall,  be  strained  beyond  the  elastic  limit,  but  the 
maximum  resistance  of  the  cylinder  will  evidently  be  attained 
if  each  of  the  indefinably  thin  concentric  cylindrical  lamina  into 
which  the  wall  of  the  cylinder  may  be  conceived  to  be  divided  be 
strained  simultaneously  to  the  elastic  limit.  The  object  of 
initial  tension  or  shrinkage  is  therefore  to  derive  the  use  of  that 
portion  of  the  elastic  extensibility  and  work  in  the  outer  parts 
of  the  wall  in  resisting  interior  pressure  which  are  not  utilized  in 
the  simple  cylinder.  On  the  other  hand  the  surface  of  the  bore 
should  not  be  initially  compressed  beyond  the  elastic  limit  of 
the  metal.  This  is  the  simple  theory  involved  in  the  tangential 
strength  of  the  built-up  gun.  The  necessary  longitudinal 
strength  is  readily  secured. 
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TO.  The  outer  cylinders  are  to  be  assembled  with  such  shrink- 
ages that  conjointly  they  ^dll  compress  the  bore  of  the  tube  to 
its  elastic  limit  and  yet  retain  sufficient  residual  elastic  extensi- 
bility in  each,  so  that  at  the  moment  when  the  bore  of  the  tube 
is  extended  to  its  clastic  limit  by  interior  pressure,  the  bore  of 
each  enveloping  will  also  be  extended  to  its  elastic  limit.  The 
difference  between  the  resistance  of  a  cylinder  with  initial  ten- 
sion produced  by  interior  cooling  and  that  of  one  formed  by  the 
shrinkage  of  cylinders  of  considerable  thickness  one  upon  an- 
other here  becomes  apparent.  In  the  first  case  the  maximum 
resistance  of  the  whole  thickness  of  wall  or  the  aggregate  from 
the  infinite  number  of  cylindrical  lamina  into  which  it  can  be 
conceived  to  be  divided  may  be  utilized.  In  the  second  case  the 
full  elastic  limit  can  be  realized  only  at  the  interior  surface  of 
each  of  the  cylinders  shrunk  on  so  that  the  maximum  elastic 
extensibility  of  the  whole  thickness  of  wall  is  not  utilized  and 
there  is  some  loss.  In  practice,  however,  since  the  tube  cannot 
be  initially  compressed  in  the  state  of  rest  or  extended  in  the 
state  of  action  beyond  the  elastic  limit  of  its  metal  it  results 
that  where  the  thickness  of  wall  is  sufficient  to  divide  into  three 
or  four  layers  little  or  no  tangential  resistance  is  lost  in  the 
built-up  cylinder  construction  as  compared  with  initial  tension 
produced  by  interior  cooling.  These  conditions  are  present  in 
the  reinforced  parts  of  the  large  caliber  sea-coast  guns,  since 
every  gun  must  have  a  thickness  of  wall  proportioned  to  its 
caliber,  and  hence  the  absolute  thickness  of  the  wall  in  the  large 
guns  is  relatively  great. 

77.  In  wire-wound  guns  the  lining  tube  imposes  practically 
the  same  restrictions  as  in  the  built-up  forged  steel  gun,  that  is  to 
say,  the  maximum  resistance  is  limited  by  the  tube  which  may 
not  be  worked  beyond  its  limit  of  compression  at  rest  or  beyond 
its  limit  of  extension  in  action. 

78.  In  a  solid  walled  gun  properly  strengthened  by  interior 
cooling  it  is  possible  to  secure  the  greatest  economy  in  weight  of 
metal  to  produce  a  cylinder  of  given  resistance  to  interior  pres- 
sure below  a  certain  thickness  of  wall  in  calibers. 

79.  The  following  formula3  express  the  maximum  tangential 
resistance  of  a  simple  cylinder  or  gun  and  of  a  compound  cyl- 
inder, as  exemplified  in  the  built-up  forged  steel,  and  the  wire- 
wound  guns  with  lining  tube. 

P  is  the  pressure  in  pounds  per  square  inch,  6  the  elastic  limit 
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for  extension  and  p  the  elastic  limit  for  compression  of  the  tube 
metal  in  pounds  per  square  inch;  R^  and  R  stand  for  the  radius 
of  the  bore  and  the  exterior  of  the  gun. 

Simple  gun     P  =  gl^> 

Compound  gun     P  =  4^^'+  2B'  (^  "^  ^^ 

6  and  p  are  usually  taken  as  equal,  whence  it  appears  that  the 
compound  gun  will  withstand  twice  as  much  interior  pressure  as 
a  simple  gun  of  the  same  dimensions  and  quality  of  metal,  pro- 
vided the  tube  in  the  compound  gun  is  worked  between  the  full 
limits  of  compression  and  extension. 

80.  By  plotting  curves  from  these  formulae  with  abscissae 
representing  the  thickness  (R^ — H^)  of  the  wall  in  calibers, 
and  ^^dth  ordinates  representing  the  fractional  coefficients  in  the 
formulae,  as  shown  in  Fig.  98,  it  is  seen  that  the  resistance  to 
interior  pressure  increases  with  the  thickness  of  wall,  but  the 
increments  are  very  small  beyond  a  thickness  of  1  to  1.25 
calibers.  The  limiting  values  of  P  for  an  infinite  thickness  of 
wall,  making  R^  =  ^^oj  ^^come  0.750  for  the  simple  gun  and 
1.50  for  the  compound  gun. 

81.  The  shrinkage  formulae  that  have  been  applied  in  the 
construction  of  our  built-up  forged  steel  guns  are  published  in 
revised  form  in  Xotes  on  the  Construction  of  Ordnance  ^so.  59, 
dated  July  21,  1891. 

These  formulae  deal  directly  with  the  strains  produced  in  the 
metal  bv  all  the  extraneous  forces,  and  bv  an  evaluation  of  these 
strains  we  are  enabled  to  conserve  the  primary  condition  that  no 
part  of  the  gun  should  be  subjected  to  strain  beyond  the  elastic 
limit  of  the  metal.  By  modifying  Clavarino's  formula  in  rela- 
tion to  longitudinal  stress,  a  set  of  relations  was  secured  which 
produced  a  most  satisfactory  agreement  in  actual  construction. 
The  formulae  were  placed  in  form  to  discuss  fully  the  forces 
engendered  in  building  up  a  gun  with  cylinders  applied  by  shrink- 
age, and  thus  enabled  the  fidelity  of  work  to  be  verified  not  only 
in  tl^e  completed  gun  but  also  in  the  various  stages  of  construc- 
tion, by  measuring  the  bore  of  tube  and  the  diameters  of  succes- 
sive cylinders  when  applied. 

82.  Another  valuable  attribute  of  formulas  applying  directly 


3S4 


ORDXANCE    FOR    THE    LAND    SERVICE. 


w 
Z 

D 
O 

U* 

o 

u 
o 
2 

< 
h 
m 

tn 

U 

u 

H 
CO 

< 


00 
OS 

6 


•SJojiflninui  JO  oiTJog 


ORDXAXCE    FOR    THE    LAND    SERVICE.  385 

to  the  state  of  rest  of  the  system  is  the  facility  afforded  for  the 
adjustment  of  shrinkages  in  different  sections  throughout  the 
length  of  the  gun.  In  making  the  computations  for  all  parts  of 
a  complete  gun,  the  changes  in  the  number  of  layers  and  in 
sectional  dimensions  from  part  to  part  render  it  necessary  to 
divide  the  whole  length  into  a  number  of  sections  and  compute 
the  resistance,  shrinkages  and  strains  for  each.  These  sections 
■cannot,  however,  be  considered  wholly  independent,  as  that 
Avould  give  rise  to  a  variety  of  values  which  would  be  incon- 
venient to  apply  in  practice  and  would  cause  undesirable  inequal- 
ities in  strains  in  passing  from  one  section  of  the  gun  to  another. 
Whilst  not  overlooking  the  primary  consideration  to  preserve 
wherever  practicable  the  maximimi  resistance  and  in  all  cases  a 
sufficient  elastic  resistance  to  withstand  anticipated  pressures, 
two  general  rules  are  to  be  observed,  namely:  1.  To  apply  as  far 
as  practicable,  uniform  values  for  the  shrinkages  in  contiguous 
sections  where  the  shrinkage  diameters  are  the  same,  or  nearly 
so.  2.  To  so  modulate  the  curves  of  compression  or  contraction 
of  bore  in  the  state  of  rest  that  the  final  curve  will  present  a 
comparatively  smooth  contour,  conforming  in  general  to  the 
curve  of  powder  pressure  and  having  no  abrupt  change  of  ordi- 
nates.  As  it  will  in  general  be  most  necessary  to  preserve  the 
maximum  resistance  in  the  section  of  the  powder  chamber,  tliat 
section  should  be  considered  first  and  the  values  belonging  to  it 
taken  to  govern  others.  Under  these  considerations  it  fre- 
quently becomes  necessary  for  a  given  section  of  the  gun  to 
assume  certain  values,  as,  for  instance,  one  or  more  of  the 
shrinkages,  the  contraction  of  bore  or  other  conditions  and  com- 
l3ine  the  various  equations  or  transform  them  to  obtain  desired 
results. 

83.  The  method  of  division  into  sections  is  illustrated  in  the 
figure,  Fig.  99,  for  the  8-inoh  experimental  rifle  finished  in 
1886.*  The  radial  changes  in  dimensions  of  the  cylinders  due 
to  assemblage  under  shrinkage  and  the  magnitude  of  the  stresses, 

*  The  numerous  and  very  short  hoops  used  in  this  gun  were  soon  changed  in 
future  constructions  when  it  was  found  that  the  steel  makers  could  readily  pro- 
duce longer  hoops.  In  the  12-inch  rifle,  model  1900,  which  is  42  feet  in  length, 
there  are  but  two  hoops  in  the  "  C  "  row  extending  from  the  front  end  of  the 
jacket  to  the  muzzle  of  the  gun,  each  of  which  is  about  138  inches  long.  Similarly 
the  "  D"  row  is  formed  of  a  single  hoop  108  inches  long,  and  the  "A  "  row  of 
two  hoops  only,  91,  and  109  inches  lon^  ;  the  single  hoop  over  the  breech  in  the 
*'  B  "  row  is  108  inches  long,  and  the  trunnion  hoop  28  inches. 
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in  a  sectional  view,  are  illustrated  in  the  two  figures,  Fig.  100, 
for  12-iiK-li  rifle. 

84.  Practice  has  shown  a  remarkable  conformity  of  results 
obtained  in  flir*  actual  manufacture  of  guns  with  those  indicated 
by  the  formulas  applied  in  their  construction.  One  of  the  earlier 
experiments  consisted  in  l)uilding  a  section  of  gun  with  8-inch 
})ore,  composed  of  four  cylinders,  shrunk  one  upon  the  other. 
The  displacements  of    diameters    and  lengths    caused  by  each 
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shrinkage  were  carefully  measured  and  showed  in  every  in- 
stance close  agreement  with  values  deduced  by  the  formulge. 
For  example,  the  anticii)ated  total  compression  of  the  8-inch 
bore  was  0.0129  inch,  and  its  measured  compression  0.0131  inch. 
The  anticipated  extension  of  the  exterior  of  the  fourth  layer  or 
outer  hoop  (diameter,  31.5  inches)  was  0.0285  inch  and  its  meas- 
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iired  extension  0.0270  inch.  These  culminating  measurements 
of  the  series  thus  showed  a  diiierence  of  less  than  2  per  cent, 
between  the  actual  and  anticipated  results. 

85.  In  the  8-inch  experimental  rifle  the  anticipated  compres- 
sion of  the  bore  in  the  section  of  the  powder  chamber  was  .0154 
and  the  measured  compression  .0156  inch.  This  gun  was  first 
made  without  chase  hooping.  After  firing  24  rounds  the  bore 
of  the  tube  at  some  15  inches  from  the  muzzle  was  found  to  be 

MEASURED    STRESSES    IN    SECTION    OF    HOLLOW    FORGING   TREATED    BY    INTERIOR   COOLINQ 
AND    COMPUTED    ELASTIC    RESISTANCE    TO    INTERIOR    PRESSURE. 
BEFORE  ANNEALING 


Bre^h- MKlxlle  Section     jjnzzle  Middle  Section 


£imu  R. 


Am.BanTc  XoU  Vu.,N.r. 


Fig.  101. 


enhirgcd  .000  of  an  inch.  It  was  then  decided  to  return  the 
jriin  to  the  factory  and  extend  the  hooping  to  the  muzzle.  On 
turning  off  the  chase  metal  for  hooping  the  bore  contracted  when 
metal  was  tiii-ned  off  showing  that  there  existed  a  zone  of  com- 
pressed metal  at  the  exterior  of  the  tube  damaging  to  its  strength 
and  due  to  the  imperfect  treatment  at  that  time  in  vogue  at  the 
AVhitworth  works  where  the  tube  was  procured.  The  chase 
hooping  fully  re-established  the  strength  of  the  gun,  which  has 
been  fired  in  all  335  rounds  and  is  still  in  serviceable  condition 
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PLATE  5.   INITIAL  TENSION  IN  HOLLOW  CYLINDER. 
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Fig.  102. 


excepting  erosion  of  the  bore,  which  detracts  from  its  accuracy. 

86.  Fijr.  101,  with  feures  showins:  the  measured  stresses  in  a 

forging  representing  sections  of  a  field  gun  w^hich  was  treated  by 

interior  cooling  for  experiment,  is  taken  from  a  paper  read  to 
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the  Philosophical  Society  of  AVashing-ton,  D.  C,  May  11,  1895, 
ami  printed  in  Bulletin  Vol.  XlIF,  pp.  27-102.  The  wall  of  the 
ft>riiini2-  was  cut  into  thin  concentric  rings  on  four  several  sec- 
tions,  and  the  changes  measured  on  the  diameter  of  each  ring 
due  to  its  release  from  the  forging,  these  changes  giving  a 
measure  of  the  strains  induced  by  the  treatment. 

87.  An  analysis  of  the  laws  governing  the  resistance  of  a  cyl- 
inder with  a  properly  regulated  degree  of  initial  tension  pro- 
duced by  interior  cooling  shows  that  a  thickness  of  0.65  of  a 
caliber,  nearly,  vdW  give  the  strongest  tube  that  can  be  made 
from  a  given  weight  of  metal  of  given  quality.  For  this  thick- 
ness in  calibers  only  will  all  the  fibres  of  the  metal  throughout 
the  thickness  of  the  wall  reach  the  elastic  limit  from  extension 
simultaneously  under  the  action  of  interior  pressure.  This 
particular  case  is  illustrated  in  Fig.  102.  The  interior  cooling 
being  supposed  perfectly  conducted,  the  metal  at  the  surface  of 
the  bore  is  compressed  to  its  elastic  limit,  p  =  45,000  pounds 
assumed.  The  curve  of  initial  tension  is  a  continuous  one  ex- 
tending through  the  neutral  point  of  stress  ^'  b  "  to  a  tension  of 
21,600  at  ^'  c,''  on  the  outer  surface  of  the  cylinder.  If  now  this 
cylinder  be  subjected  to  an  interior  pressure  the  stress  upon  the 
metal  throughout  the  thickness  of  the  wall  will  be  developed  in 
resisting  the  pressure  until  an  interior  pressure  oi  P  =  49,950 
pounds  per  square  inch  is  reached.  At  this  stage  of  the  press- 
ure the  stress  curve,  which  was  originally  represented  by  the 
initial  tension  curve,  a,  b,  c,  is  now  formed  in  the  straight  line, 
d,  e;  that  is  to  say,  the  stress  upon  the  metal  throughout  the 
thickness  of  the  wall  is  at  every  point  equal  to  the  elastic  limit  of 
the  metal.  The  elastic  tangential  resistance  of  the  cylinder  to 
interior  pressure  is  1.11  times  the  elastic  limit  of  the  metal  to  be 
derived  from  tests  of  specimens  although  the  wall  of  the  cylinder 
is  only  0.6473  of  a  caliber  thick  or  actually  8X0.6473=^5.18 
inches.  The  same  relations  would,  of  course,  hold  good  for  a 
tube  with  any  given  diameter  of  bore  and  metal  of  given  elastic 
limit. 

88.  The  following  conclusions  may  here  be  quoted  from  the 
bulletin  of  the  IMiilosophical  Society  previously  cited. 

For  r-ylinders  of  greater  thickness  than  0.65  caliber,  a  state  of  uniform  strain 
in  tlie  wall  will  be  reached  in  action  and  passed  before  the  elastic  limit  of  the 
metal  is  attained,  and  with  increasing  pressure  this  limit  will  be  fully  reached 
only  at  the  surface  of  the  bore,  thus  determining  the  limit  of  pressure.     For  such 
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cylinders  the  best  condition  of  resistance  will  be  obtained  by  utilizing  the  full 
limit  of  compression  of  the  metal  in  the  initial  tension. 

But  for  cylinders  of  less  thickness  than  0.65  caliber,  a  state  of  uniform  strain 
in  action  equal  to  the  elastic  limit  of  the  metal  can  be  attained  with  a  compression 
of  bore  less  than  the  limit  p.  The  thinner  the  cylinder  the  less  should  be  the 
initial  compression  imposed.  It  follows  that  the  possible  maximum  resistance 
of  such  cylinders  will  be  obtained  by  adjusting  the  initial  compression  within 
limits.  If  the  full  limit  of  initial  compression  were  given,  the  elastic  limit  of  the 
metal  would  be  reached  in  action  at  the  exterior  of  the  cylinder  sooner  than  at 
the  bore. 

As  a  consequence,  also,  of  the  preceding,  the  resistance  of  the  cylinders  of 
less  thickness  than  0.65  caliber,  treated  by  interior  cooling,  should  be  directly 
proportional  to  the  thickness.  This  treatment  gives  the  means  of  imparting  the 
greatest  resistance  so  far  known  to  such  cylinders. 

89.  A  3-inch  and  a  5-inch  gun  made  of  single  forgings 
strengthened  by  interior  cooling  have  been  constructed  and  tested 
extensively  ^\dth  very  satisfactory  results.  A  number  of  the 
tubes  for  5-inch  rapid  fire  guns  have  also  been  made  in  this  way. 
The  outcome  of  the  process  in  these  tubes  has  not  been  en- 
couraging for  the  continuation  of  this  method  in  view  of  the 
trouble  experienced  and  the  number  of  re-treatments  necessary 
to  obtain  the  degree  of  initial  tension  desired.  Care  and  ex- 
perience in  manufacture  should  be  able  to  control  this  method 
and  apply  it  advantageously  at  least  to  guns  of  small  and  medium 
caliber.  The  difficulty  to  be  anticipated  with  guns  of  large 
caliber  is  in  procuring  a  forging  for  the  gun  body  in  one  piece 
of  uniform  quality.  This  is,  however,  also  a  question  of  experi- 
ence and  advancement  in  knowledge  of  the  art,  and  quite  within 
the  limits  of  future  possibility. 


The  Modern  Field  Gun  {Figs.  103  and  lOJ^  *). 

90.  The  chief  object  of  improvement  in  the  modern  field  gun 
is  to  obtain  the  greatest  possible  rapidity  of  aimed  fire,  and  this 
has  been  rendered  possible  by  the  introduction  of  smokeless 
powder,  since  with  the  front  of  the  battery  covered  by  a  heavy 
cloud  of  smoke,  as  formerly,  such  rapidity  of  fire  as  is  now 
attained  would  not  have  been  possible.  Improvements  for  this 
purpose  have  been  made  in  the  breech  mechanism  of  the  gun,  in 

*  It  is  regretted  that  photographs  of  the  model  1902  field  gun  and  limber  are 
not  available  at  this  time.  These  plates  show  the  material  tested  in  1901-3  which 
resembles  the  adopted  type. 
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the  ammunition,  and  especially  in  the  carriage.  Improvements 
in  the  mechanism  consist  principally  in  a  single  motion  in  open- 
ing and  closing  the  block,  safety  devices  to  prevent  firing  imtil 
the  block  is  fully  closed  and  locked,  and  eccentric  position  of  the 
firing  pin  in  the  block  to  prevent  premature  discharge  of  the 
primer  in  the  fixed  ammunition  when  the  block  is  closed. 

91.  Improvements  in  the  carriage  constitute  essentially  a  con- 


FiG.  104. — Limber  for  Field  Gcn. 


struction  which  admits  of  the  gun  being  fired  without  recoil  of 
the  carriage  on  the  ground,  without  jump  of  the  wheels,  with 
practically  no  disturbance  of  the  aim,  together  with  such  an 
attachment  of  sights  that  the  sighting  can  be  continuously  main- 
tained while  the  gun  is  being  loaded.  Improvements  in  the  am- 
munition are  a  change  from  separate  loading  of  the  projectile 
and  powder  charge  to  fixed  ammunition. 

92.   In  the  pattern  of  equipment  now  to  be  replaced  the  car- 
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riaao  recoikHl  at  each  round  and  had  to  be  run  to  the  front,  re- 
pointed  bv  shifting  the  trail,  and  linally  the  cannoneers  must  get 
cknu"  of  the  carriage  to  allow  the  gun  to  be  hred.  All  of  these 
were  time-consuming  elements. 

93.  Three  experimental  carriages  embodying  recoil  of  the  gun 
on  the  carriage  have  been  tried  precedent  to  the  present  adopted 
type,  model  11)02.  First  the  model  of  1898,  with  the  short 
recoil  of  gun  on  carriage,  and  having  an  axle  traverse  to  give 
motion  to  the  gun  in  azimuth  without  shifting  the  trail;  next, 
another  short  recoil  carriasre  made  in  1900.  The  distinctive 
features  of  this  were  hvdraulic  recoil  cylinders  with  counter 
recoil  springs  in  the  cylinder,  azimuth  motion  of  the  gun  on  the 
carriage  without  shifting  the  trail,  provided  by  a  turn-table,  and 
a  folding  spade  at  the  rear  end  of  the  trail.  Next  came  the  long 
recoil  carriage  allowing  a  recoil  of  44  inches  to  the  gun.  on  the 
carriage,  made  with  two  hydraulic  recoil  check  cylinders  and 
return  springs  in  the  cylinder.  The  two  last-named  types  were 
entered  in  the  exhaustive  tests  of  field  material  made  in  1901 
and  1902,  together  with  several  types  of  foreign  and  domestic 
manufacture.  The  results  of  those  tests  led  to  a  combination 
of  good  points  found,  wdiich  have  been  introduced  in  the  model 
of  1902. 

94.  The  gun  is  made  of  nickel  steel  built  up  with  clips  that 
slide  in  and  secure  it  to  the  guide  rails  of  the  cradle.  A  lug 
under  the  breech  connects  the  gun  with  the  recoil  cylinder. 
The  breech  mechanism  is  of  the  interrupted  screw  type  and 
opens  with  a  single  motion.  The  block  is  bored  out  to  receive 
the  firing  mechanism  which  is  placed  eccentrically  in  the  block 
so  that  in  closing,  the  firing  pin  will  not  be  brought  opposite  the 
primer  in  the  cartridge  case  until  the  block  is  rotated  and  locked. 
A  safety  device  prevents  firing  until  the  breech  is  closed.  The 
gun  may  be  fired  by  lanyard  from  the  rear,  but  is  habitually 
fired  by  the  cannoneer  seated  on  the  right  through  a  firing  shaft 
attached  to  the  carriage.  This  shaft  is  so  arfanged  that  it 
cannot  be  operated  imtil  the  gun  has  returned  to  the  safe  position 
in  the  battery.  Tlie  advantages  of  this  breech  mechanism  are 
raj)idity  of  fire,  great  power  of  extraction  and  ejection  of  cart- 
ridge case,  ease  of  loading  in  that  the  cartridge  is  not  required 
to  be  pushed  into  place  by  hand  as  in  sliding  block  mechanisms, 
but  the  last  j)art  of  the  motion  is  given  by  the  closing  of  the 
block.     The  mechanism  is  well  arranged  for  protection  of  the 
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parts  from  dust  and  injury,  especially  blowbacks,  is  simple  and 
no  tools  are  required  for  dismantling  it. 

95.  The  projectiles  used  are  shrapnel  and  high  explosive  shell 
weighing  15  pounds.  The  gun  gives  a  muzzle  velocity  of  1,700 
foot-seconds,  and  a  range  of  6,250  yards  with  15  degrees  eleva- 
tion. A  somewhat  greater  range  can  be  obtained  by  sinking  the 
trail.  The  maximum  range  is  about  7,500  yards.  The  accuracy 
of  the  gun  is  excellent  at  6,000  yards  range,  and  compares  favor- 
ably at  this  range  with  the  3.2-inch  gun,  which  it  replaces,  at 
4,000  yards  range. 

The  carriage  comprises  the  lower  carriage,  consisting  of  wheels 
axle  and  trail,  together  with  a  rocker  and  cradle  which  contains 
the  recoil  system  and  in  which  the  gun  slides.  The  cradle  rests 
on  the  rocker  and  is  controlled  by  the  elevating  gear.  The 
rocker  forms  a  table  also  in  which  the  cradle  can  be  moved  in 
azimuth  4  degrees  on  either  side  of  the  centre  to  change  the 
direction  of  the  gun  by  that  amount  without  moving  the  trail. 
The  spade  at  the  end  of  the  trail  is  fixed  in  position  and  has 
wide  flanges  to  prevent  sinking  in  the  ground.  The  recoil  equip- 
ment comprises  the  cylinder,  piston  rod,  counter  recoil  buffer 
and  springs.  The  cylinder  lies  in  the  cradle  and  is  surrounded 
by  the  springs,  and  its  rear  end  is  attached  to  the  breech  of  the 
gun.  The  recoil  springs  are  made  of  thin  steel  riband  rect- 
angular in  shape  coiled  on  edge.  The  column  of  springs  com- 
prises three  similar  coils  assembled  with  tension  sufiicient  to 
return  the  piece  when  fired  at  15  degrees  elevation.  The  piston 
rod  is  bored  out  for  the  throttling  bar  and  the  interior  of  the 
cylinder  has  three  ribs  of  variable  profile  to  control  the  recoil  by 
openings  through  which  the  liquid  in  the  cylinder  passes.  The 
variable  openings  in  the  cylinder  are  calculated  so  as  to  make  the 
resistance  which  the  liquid  offers  plus  the  resistance  of  the 
springs  such  that  the  wheels  will  not  jump  from  the  ground 
when  the  piece  is  fired  at  zero  elevation.  This  is  accomplished 
by  making  the  gravity  moment  of  the  system  about  an  axis 
through  the  point  of  support  of  the  trail  greater  than  the  sum 
of  the  moments  of  the  piston  pull  and  the  spring  resistance  about 
the  same  axis.  The  recoil  of  the  gun  on  the  carriage  is  48 
inches.  The  counter  recoil  rod  with  one  end  secured  to  the  cyl- 
inder has  its  free  end  centred  and  supported  at  all  times  in  the 
bore  of  the  piston  rod.  It  regulates  the  velocity  of  return  of 
the  piece  throughout  the  whole  length  of  counter  recoil,   thus 
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obviatiiiii"  the  siukloii  strain  and  shock  in  designs  where  the 
counter  recoil  is  unrestrained  until  the  piece  is  nearly  in  battery. 
As  a  result  oi  this  arrangement  the  gun  can  be  fired  without  even 
as  much  motion  as  would  dislodge  a  piece  of  money  placed  upon 
the  wheel. 

1)0.  The  shield  is  made  of  hardened  steel  .2  of  an  inch  thick, 
in  three  parts.  A  small  portion  of  the  top  is  made  to  fold  down 
so  that  it  will  not  project  above  the  wheels  while  travelling. 
With  this  arrangement  the  carriage  might  be  overturned  without 
injury.  The  shields  are  tested  for  acceptance  by  firing  thirty 
caliber  steel-jacketed  bullets  with  muzzle  velocity  of  2,300  f.  s. 
at  a  range  of  100  yards.  The  bullet  must  not  penetrate.  The 
shield  thus  oifers  protection  against  small  arm  fire  and  shrapnel 
bullets. 

97.  The  road  brake  has  a  double  lever,  one  in  front  and  one 
in  rear  of  the  shield.  The  first  is  for  the  use  of  the  cannoneer 
seated  on  the  axle  seat  as  a  road  brake,  and  the  other  is  placed 
where  it  can  be  readily  operated  in  firing  the  gun  to  prevent 
movement  of.  the  carriage  especially  when  fired  from  a  sloping 
platform.  The  brake  blocks  bear  upon  the  front  of  the  Avheel 
in  the  firing  position  where  they  are  out  of  the  way  of  the  firing 
party.  AVhen  limbered  up  in  travelling  on  the  road  this  places 
the  blocks  behind  the  wheels  and  no  mud  is  collected  on  the 
blocks. 

98.  The  sights  comprise  a  panoramic  telescopic  sight  on  the 
left  of  the  piece,  and  a  range  quadrant  on  the  right.  In  using 
the  range  quadrant  the  gunner  on  the  left  may  devote  his  entire 
attention  to  giving  direction,  while  another  cannoneer  can  give 
elevation  at  the  range  quadrant.  The  piece  is,  however,  usually 
aimcfl  by  the  gunner  seated  on  the  left,  who  has  at  hand  the 
elevating  and  traversing  wheels  for  training  the  gun.  The 
siglits  are  attached  to  the  cradle,  and  since  this  does  not  move  in 
firing  the  piece  the  sighting  may  be  continuous.  The  panoramic 
sight  enables  the  gun  to  be  aimed  by  directing  the  sight  upon 
any  object  off  the  line  of  fire,  wdiich  is  especially  useful  when 
any  direct  target  made  by  the  enemy  is  indistinct. 

99.  It  is  found  in  order  to  secure  steadiness  of  the  carriage 
that  the  time  consumed  in  recoil  and  counter  recoil  must  be  made 
about  two  seconds.  The  operations  of  opening,  loading  and 
closing  the  })lock,  and  firing,  consume  about  one  second  only,  so 
that  practically  thcjrefore  the  maximum  rajudity  of  unaimed  fire 
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from  a  piece  of  tkis  description  is  about  three  seconds  per  round, 
or  twenty  rounds  per  minute.  After  the  trail  is  set  a  rapidity 
of  10  to  12  aimed  rounds  per  minute  can  be  maintained  for 
some  time.  As  compared  with  this,  the  3.2-inch  gun  would  fire 
not  more  than  about  two  rounds"  per  minute. 

100.  The  weight  of  the  model  1902  carriage,  exclusive  of  gun, 
is  1,308  pounds,  as  compared  with  1,321  pounds  for  the  carriage 
of  the  3.2-inch  rifle,  which  is  remarkable  in  view  of  the  additional 
parts  in  the  new  carriage,  but  shows  how  much  the  essential 
parts  in  the  old  carriage  which  are  still  retained  in  the  new  could 
be  lightened  and  yet  retain  sufficient  strength  for  service  by 
introducing  the  plan  of  recoil  of  the  gun  upon  the  carriage. 

101.  Four  rounds  of  ammunition  are  carried  in  tubes  under 
the  axle  seats  to  be  ready  for  immediate  use,  and  36  rounds  are 
carried  in  the  limber.  Fig.  101.  The  gun  and  limber  complete 
with  ammunition  weighs  3,800  pounds,  giving  a  load  of  633 
pounds  per  horse  for  each  of  the  six  horses. 

102.  The  organization  of  batteries  with  these  guns  will  com- 
prise four  guns  with  carriages  and  limbers,  and  12  caissons  and 
limbers.  The  caissons  carry  70  rounds  each,  and  their  limbers 
36  rounds,  making  a  total  of  1,432  rounds  for  the  battery,  or 
358  rounds  for  each  gun. 

Types  of  Guns^  Mounts  and  Breech  Mechanisms. 

103.  In  all  the  more  recent  tj'pe  of  guns  a  continuous  move- 
ment of  breech  mechanism  in  opening  and  closing  the  block  is 
substituted  for  the  separate  operations,  one  to  unscrew  the  block 
and  the  other  to  withdraw  it,  formerly  required.  The  principal 
parts  of  the  breech  mechanism  are  the  spindle  wdth  mushroom 
shaped  head,  plastic  obturator  and  steel  split  rings  to  seal  the 
escape  of  gas;  the  block  with  its  threaded  and  smooth  sectors 
arranged  to  require  a  small  turning  movement  for  locking;  the 
parts  that  operate  to  turn  and  withdraw  the  block;  the  carrier 
(either  tray  or  ring)  that  supports  the  block  when  open;  the 
safety  attachments  that  prevent  firing  until  the  block  is  closed 
and  locked,   and  the  firing  mechanism. 

104.  Fig.  105  illustrates  the  more  modern  form  of  breech 
mechanism  in  the  6-inch  rapid  fire  gun,  model  1900.  This  gun 
gives  3,000  f.  s.  muzzle  velocity  with  100-pound  projectile,  is 
fitted  with  the  Stockett  breech  mechanism  and  a  firing  mechanism 
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for  combination  electric-friction  primer;  and  also  a  loading  tray 
with  automatic  movement  which  rises  to  support  the  insertion  of 
the  charge  and  projectile  when  the  breech  is  opened,  and  falls 
to  clear  the  way  for  the  block  as  the  latter  is  closed.  The 
capacity  of  the  powder  chamber  in  this  gun  is  2,114  cubic  inches, 
as  compared  Avith  1,278  cubic  inches  in  the  model  1897  gun, 
whicli  was  designed  for  2,600  f.  s.  muzzle  velocity. 

The  6-inch  Bofors  gun,  Fig.  106,  has  a  standard  muzzle  velocity 
of  2,624  f.  s.  with  100-pound  projectile.  The  most  interesting 
feature  of  the  gun  is  the  breech  mechanism,  which  is  opened  and 


Fig.  105, — Breech  Mechanism,  6-inch  R.  F.  Gun.     Model  of  1900. 

closed  by  a  single  movement  and  may  be  operated  automatically 
or  by  hand.  The  projectile  recess  is  conical  in  shape,  with  a 
large  and  convenient  opening  to  the  rear  for  loading,  and  is  fitted 
with  a  loading  tray  that  works  automatically.  The  mounting  is 
provided  with  two  sets  of  sights,  one  on  either  side,  so  that  one 
man  can  control  the  direction  and  another  the  sifi^htins:  in  eleva- 
tion  for  rapid  firing.  In  trials  for  rapidity  at  will  10  rounds 
were  fired  in  103  seconds  with  the  breech  operated  by  hand,  and 
10  rounds  in  94.6  seconds  with  the  breech  operated  automatic- 
ally. The  automatic  arrangement  is  complete  for  both  opening 
and  cloning  the  block.  The  opening  is  effected  by  the  recoil  of 
the  gun  in  its  cradle,  which  at  the  same  time  compresses  a  spring 
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aiul  a  catch  holds  the  bhx'k  open.  On  releasing  this  catch  the 
spring'  automatically  closes  the  block.  This  mechanism  has 
worked  well  thronghont.  The  automatic  feature  gives  only  a 
little  increase  in  rapidity  of  fire,  but  has  the  advantage  of  saving 
space  for  loading  and  dispenses  with  the  services  of  one  man. 
Among  the  many  labor  and  time  saving  de^dces  now  attempted 
to  be  introduced  for  the  service  of  guns,  which  are  frequently 
objectionable  because  of  delicacy  and  increased  complications, 
the  Bofors  automatic  breech  opening  and  closing  device  appears 
exceptional  for  distinctive  merit  and  certainty  of  operation.  To 
see  it  in  operation  one  experiences  the  same  sense  of  relief,  to 
a  dearee^  as  in  the  use  of  fixed  ammunition  instead  of  separate 
loading  in  the  rapid  fire  field  guns.  The  cannoneers  are  saved 
by  so  much  from  violent  and  rapid  exertion,  the  loading  pro- 
gresses more  smoothly  and  withal  with  increased  rapidity. 

105.  This  gun  has  been  fired  386  rounds  with  a  number  of 
pressures  exceeding  50,000  pounds,  and  in  one  case  reaching 
nearly  70,000  pounds,  derived  from  charges  purposely  increased 
to  test  the  mechanism  or  the  behavior  of  various  lots  of  smoke- 
less powder  to  determine  if  there  existed  a  critical  point  of 
pressure. 

100.  Designs  have  been  made,  and  work  is  in  progress  to  apply 
plans  of  automatically  opening  and  closing  the  breech  block  to 
other  rapid  fire  guns  and  to  guns  mounted  on  disappearing  car- 
riages. 

107.  The  IG-inch  gun,  Fig.  107,  is  at  present  mounted  upon 
the  proof  carriage.  It  has  been  recently  decided  to  make  for 
this  gun  a  Buffington-Crozier  disappearing  carriage,  and  to  mount 
it  at  some  place  on  the  coast  not  yet  designated.  The  piece 
has  been  fired  eight  times,  using  the  first  sample  lot  of  DuPont 
nitrocellulose  smokeless  powder  made  for  it,  with  charges  vary- 
ing in  weight  from  450  to  640  pounds  and  a  standard  weight  of 
projectile  of  2,400  pounds.  Hound  Xo.  6  with  640-pound  charge 
^ave  2,345  f.  s.  muzzle  velocity  with  38,545  pounds  pressure  and 
muzzle  energy  91,500  foot  tons.  Colonel  Ingalls'  estimate  of 
the  maximum  range  of  this  gun,  provided  it  should  be  elevated 
for  firing  at  an  angle  of  nearly  42  degrees,  is  20.9  miles,  and  the 
maximum  ordinate  of  the  trajectory  30,516  feet,  or  above  5]- 
miles.  The  battle;  range  of  the  gun  with  an  elevation  of  10 
degrees,  whicli  may  be  given  on  the  disappearing  carriage,  should 
be  about  16,000  yards,  or  over  0  miles. 
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lOS.  The  proof  liring-  Avas  attended  with  entire  success.  At 
the  fourth  round,  Avith  a  full  charge,  a  velocity  of  2,317  f.  s.  was 
obtained  with  ot),700  pounds  pressure.  The  gun  was  designed 
and  the  powder  sample  made  to  give  a  velocity  of  2,300  f.  s.  with 
not  exceeding  38,000  pounds  pressure.  The  results  are  remark- 
able when  it  is  considered  that  the  charge  of  smokeless  powder 
exceeded  largely  any  that  had  been  heretofore  fired  from  a  gun. 

100.  The  influence  of  caliber  in  producing  power  is  shown  in 
that  the  nuizzle  energy  of  the  16-inch  gun  is  2.4  times  that  of 
the  12-inch  rifle,  model  1895,  designed  for  the  same  muzzle 
velocity.  The  12-inch  rifle,  model  1900,  with  2,560  f.  s.  muzzle 
velocity,  gives  a  muzzle  energy  of  45,420  tons,  or  about  one-half 
that  of  the  16-inch  gun.  In  actual  firings  the  12-inch  rifle, 
model  1900,  has  given  a  range  of  13,360  yards,  or  7J  miles  with 
10  descrees  elevation. 

110.  Improvements  in  the  appliances  for  giving  elevation  to 
12-incli  mortars  comprise  several  designs  of  quadrants  perma- 
nently fixed  to  the  piece  within  view  of  the  cannoneer  at  the  ele- 
vating wheel,  and  also  a  range  scale  on  a  wheel  attached  to  the 
elevating  axle.  The  method  formerly  used,  the  quadrant  placed 
on  flats  on  the  breech  of  piece,  and  requiring  the  gunner  to  give 
orders  to  the  cannoneer  at  the  elevating  wdieel  to  raise  or  lower 
the  piece  so  as  to  adjust  the  level  of  the  quadrant  was  slow  and 
cumbersome.  AVith  the  new  arrangements  the  elevation  is  given 
]jy  bringing  the  pointer  to  a  fixed  point  on  an  arc,  and  does  not 
depend  upon  the  adjustment  of  the  level  bubble.  Fig.  108  shows 
the  12-incli  mortar  carriage,  model  1896,  with  improved  quad- 
rant in  place  over  the  right  rimbase. 


Powders. 

in.  Smokeless  powder  only  is  now  manufactured  for  the 
service  of  all  guns,  and  the  black  or  sphere-hexagonal  and  brown 
prismatic  powders  are  discontinued  except  to  use  up  material  on 
hand  for  target  practice.  However,  a  quantity  of  fine  grain 
black  powder  is  used  as  a  priming  charge  in  the  smokeless 
powder  cartridge.  Tlie  present  practice  makes  this  priming 
charge  2.6  of  one  per  cent,  of  the  smokeless  powder  charge,  and 
i?t  the  cause  of  producing  a  considerable  amount  of  smoke  in  the 
discharge,  particularly  with  the  large  guns. 
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112.  The  form  of  grain  now  in  use  is  a  multi-perforated  cyl- 
inder which  when  burned  in  the  open  air  gives  an  increasing  sur- 
face of  combustion  until  the  circles  meet  in  burning  awav, 
leaving  12  to  10  per  cent,  of  the  grain  in  splinters  to  be  con- 
sumed with  a  decreasing  surface  of  combustion.  Other  forms 
in  use  elsewhere  are  the  strip  and  the  hollow  cylinder  or  tubular 
grain.  The  latter  burns  away  with  a  imiform  surface  of  com- 
bustion, and  this^  combined  with  its  facility  for  ease  of  loading 
when  made  up  into  cartridges,  appears  to  make  it  the  most  desir- 
able form  to  use. 

llo.  Xitrocellulose  powder  has  generally  displaced  that  con- 
taining nitroglycerine.  The  heat  produced  is  less  and  larger 
charges  are  required,  but  this  is  oifset  by  the  decreased  erosion 
found  with  the  nitrocellulose  composition. 

11-1.  The  advantage  of  smokeless  over  the  brown  powder, 
aside  from  the  question  of  smoke,  lies  in  the  fact  that  it  is  all 
converted  into  gas,  while  the  brown  and  black  powders  give 
somewhat  more  than  one-half  the  products  of  combustion  in 
solid  residue.  All  the  properties  of  smokeless  powder  are  not 
as  yet  known,  and  there  is  a  large  field  for  investigation.  Recent 
experiments  have  shown  that  certain  lots  of  powder  at  least  have 
a  critical  point  of  pressure.  That  is  to  say,  the  pressures  mil 
be  found  to  increase  regularly  according  to  a  certain  law  with 
the  charge  up  to  a  certain  point,  beyond  w^hich,  if  the  charge  is 
increased,  very  high  and  abnormal  pressures  may  be  encountered. 
These  experiments  have  been  purposely  made  with  charges 
greater  than  the  service  requirements  in  order  to  investigate  the 
law  of  critical  pressures. 

115.   Smokeless  powder  requires  a  large  air  spacing,  and  the 

pow(lcr  chambers  of  guns  to  give  high  velocities  in  order  to  hold 

the  large  charges  required  for  this  must  be  made  correspondingly 

large.     There  is  one  size  of  powder  grain  best  adapted  to  each 

calilKT  of  gun,  and  nothing  is  gained  by  increasing  the  size  or 

in  effect  using  a  slower  burning  powder  for  that  gun.     A  larger 

charge  of  tlie  slower  burning  powder  would  be  required  to  give 

the  same  velocity,  with  loss  of  efficiency.     For  an  equal  weight 

of  charge  the  gas  will  have  a  longer  path  to  work  over  and  will 

impart  more  velocity  to  the  projectik;  the  nearer  to  the  breech 

the  powrh-r  is  consumed  in  the  bore.     The  limit  for  minimum 

size  of  grain  and  quickness  of  burning  is  fixed  by  the  pressure 

that  the  gun  will  support  in  the  powder  chamber,  and  the  limit 
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for  maximum  size  of  grain  may  roughly  be  evidenced  by  the 
absence  of  unconsumed  powder  on  firing. 

Projectiles, 

116.  The  present  approved  form  of  shrapnel  body  comprises 
a  steel  case  with  bursting  charge  in  the  base,  and  the  case  made 
strong  enough  to  eject  the  balls  after  the  manner  of  a  small  gun 
without  rupture  when  the  bursting  charge  is  ignited.  The  base 
charge  gives  an  increase  of  about  200  f.  s.  velocity  to  the  balls 
over  that  of  the  shrapnel  at  the  point  of  burst.  The  cone  of 
dispersion  is  about  9  or  10  degrees.  In  the  shrapnel  made  with 
the  bursting  charge  in  the  head  the  cone  of  dispersion  is  some- 
what greater.  The  velocity  of  the  balls,  however,  is  somewhat 
retarded  bv  the  burst  and  the  effective  rano-e  is  materially  less 
than  that  of  the  shrapnel  with  bursting  charge  in  the  base. 

117.  The  common  form  of  armor-piercing  shot  and  shell  have 
capacity  to  perforate  about  one  caliber  of  hard-faced  steel  armor 
for  the  shot,  and  one-half  caliber  for  the  shelL  Both  are  to  be 
used  in  our  service  charged  with  high  explosive.  The  12-inch 
shot,  for  example,  holds  23  pounds  and  the  12-inch  shell  68 
pounds  of  explosive.  They  are  made  of  special  quality  of  steel 
containing  chromium  or  manganese,  and  carefully  hardened  and 
tempered.  The  processes  of  manufacture  are  held  as  trade 
secrets  by  the  different  makers."^ 

118.  Where  arinor  penetration  is  not  required,  as  in  high  ex- 
plosive shell  for  the  field  and  siege  guns,  the  walls  of  the  shell 
are  made  as  thin  as  consistent  with  necessary  strength  to  with- 
stand the  crushing  effort  accompanying  discharge  from  the  gun 
so  that  a  maximum  charge  of  explosive  may  be  carried. 

119.  Recently  an  armor-piercing  projectile,  with  thickness  of 
wall  intermediate  between  those  of  the  present  shot  and  shell, 
has  been  produced  by  the  Wheeler  Sterling  Company  of  Pitts- 
burg. This  projectile,  by  virtue  of  the  improvements  in 
manufacture,  has  the  same  armor-piercing  power  as  the  thick- 

*  Figs.  109  and  110  show  the  characteristic  bursting  effect  of  the  two  high 
explosive  compounds  that  have  been  adopted  in  our  service.  The  projectiles 
exploded  were  12-inch  armor  piercing  shell,  which  weigh,  empty,  about  950 
pounds,  and  contain  about  G7  pounds  of  Maximite,  or  57  pounds  of  explosive  D, 
with  Frankford  Arsenal  detonating  fuze.  The  shell  were  buried  ten  feet  in  sand 
for  explosion,  and  the  fragments  afterwards  recovered  as  shown. 
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Fig.  lO'J. — Fragmentation,  12-inch  A.  P.  Shef.l  Charged  with  Maximite. 

walled  shot  and  costs  about  the  same  as  the  shot  but  nearly  twice 
as  much  as  the  present  shell.  It  is  designed  to  replace  the  two 
present  projectiles  and  give  a  single  armor-piercing  projectile  of 
good  bursting  charge  capacity  for  each  gun.  The  base  of  the 
projectile  is  cut  away  to  allow  the  band  to  be  stripped  at  the  rear 
in  perforating  armor  and  thus  diminish  the  resistance  to  penetra- 
tion due  ordinarily  to  the  enlargement  of  the  diameter  of  the  pro- 
jectile at  the  band.  The  cap  is  assembled  by  means  of  a  wire 
forced  into  a  groove  made  partly  in  the  projectile  and  partly  in 
the  cap  after  the  latter  is  in  place.  The  cap  of  the  present  pro- 
jectile is  forced  and  hammered  into  a  groove  on  the  projectile. 

120.  A  striking  example  of  the  effect  of  low  temperature  on 
steel  plates  was  seen  in  firings  a  few  days  since  at  the  Proving 
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Ground.  8-inch  A.  P.  shell  were  fired  at  a  tempered,  nickel  steel 
plate  9  feet  x  T-|-  feet  x  3  inches  thick,  backed  by  oak  timbers. 
The  weather  had  remained  at  a  temperature  approaching  zero  for 
several  days.  The  projectiles  were  fired  to  strike  the  plate  with 
angles  varying  from  20  to  40  degrees  between  the  face  of  the  plate 
and  the  line  of  fire,  to  observe  the  effect  at  these  small  angles  on 
the  plate  and  also  to  test  the  relative  efficiency  of  capped  and  un- 
capped projectiles..  At  each  round  the  cold  plate  was  badly 
cracked,  and  markedly  more  so  than  a  similar  plate  previously 
tested  in  warmer  weather.  Thereupon  two  pieces  from  the  same 
plate  were  heated  to  a  temperature  of  100  degrees  or  more  and 
attacked  by  similar  projectiles.  In  both  cases,  although  the  plates 
(pieces)  were  smaller  than  before,  each  piece  was  dished  and  bent 
by  the  impact  of  the  shell  but  there  was  no  cracking.  These  tests 
have  so  far  negatived  the  report  received  from  English  sources 
that  the  uncapped  projectile  is  equal  in  proficiency  to  the  capped 
projectile  at  very  oblique  angles  of  impact.  On  the  contrary  it 
appears  that  the  capped  projectile  is  decidedly  superior. 

Accuracy  and  Endurance  of  Guns. 

121.  It  is  the  practice  of  the  Ordnance  Department  to  subject 
each  gun  to  an  exhaustive  test  for  endurance  before  adopting  it 
as  a  type  for  construction  and  introduction  into  service.  All  the 
heavy  sea-coast  guns  are  hooped  to  the  muzzle. 

122.  The  estimated  tangential  resistance  of  the  8,  10  and  12 
inch  guns,  that  is,  the  pressure  per  square  inch  which  can  be  sup- 
ported in  the  powder  chamber  without  exceeding  the  elastic  limit 
of  the  gun,  is  about  52,000  pounds,  and  that  at  the  muzzle  about 
22,000  pounds. 

123.  If  these  pressures  are  exceeded  a  permanent  set  of  the 
bore  may  be  produced,  but  rupture  is  prevented  by  the  ductility  of 
the  metal  and  the  guns  can  support  higher  pressures.  The  stand- 
ard limit  of  powder  pressure  for  the  charge  is  38,000  pounds  per 
square  inch,  or  about  73  per  cent,  of  the  elastic  resistance  of  the 
gun. 

124.  The  actual  limit  of  safe  pressure  for  these  guns  is  probably 
about  70,000  pounds  per  square  inch.  But  one  case  of  ex- 
plosive rupture  of  a  gun  of  this  type  has  occurred  at  the  Sandy 
Hook  Proving  Ground  aside  from  experiments  with  explosives. 
This  was  a  10-inch  gun  in  March,  1899,  using  an  experimental 
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smokeless  powder  which  proved  to  be  of  brittle  nature.  The 
breech  of  the  gun  was  destroyed.  The  two  pressure  gauges  regis- 
tered 78,000  and  79,000  pounds  per  square  inch. 

125.  On  another  occasion  the  breech  block  of  a  5-inch  gun  was 
stripped  under  an  estimated  pressure  of  70,000  pounds.  6-inch 
1\.  F.  gun  Xo.  1,  model  1897,  sustained  a  pressure  of  86,000 
pounds  as  registered  by  the  gauge,  which  resulted  in  wedging  the 
breech  block.  Various  calibers  of  the  guns,  including  the  12-inch, 
have  been  repeatedly  subjected  to  pressures  of  50,000  pounds, 
and  in  exceptional  cases  considerably  higher  pressures  without 
serious  effect. 

126.  The  type  guns  of  heavy  caliber  have  sustained  the  fol- 
lowing number  of  rounds  for  endurance,  namely: 

Experimental  8-incli  gan  No.  1,  West  Point  foundry 335  rounds 

"  8-incli  gun  No.  1,  Watervliet  Arsenal  type 390  rounds 

'*  10-inch  gun  No.  1,  Watervliet  Arsenal  type. .  .292  rounds 

"  12-inch  gun  No.  1,  Watervliet  Arsenal  type. .  .265  rounds 

and  the  types  of  12-inch  mortars,  models  1886  and  1890,  respec- 
tively, 398  and  399  rounds.  Barring  erosion,  all  the  guns  are 
intact  except  the  second  8-inch,  in  which  longitudinal  cracks  ap- 
peared in  the  tube  near  the  muzzle  after  388  rounds. 

127.  Plans  have  been  prepared  for  relining  the  10-inch  gun, 
Xo.  1,  by  a  half  tube  inserted  from  the  breech,  which  will  remove 
the  eroded  part  of  the  bore  and  should  render  the  gun  fit  for  a 
duplication  probably  of  its  first  record. 

128.  The  following  accuracy  targets,  see  also  Fig.  Ill,  form 
part  of  the  record  of  the  guns  named : 


Rounds 
numbered. 

Range. 

Deviation  from 
centre  of  impact. 

Rectangle 

Containing 

shots. 

Gun. 

'a 

Is 

o 
j: 

Ft. 
1.94 
1.44 
1.84 
1.64 

C  08 
> 

Ft. 
0.88 
2.61 
0.64 
1.68 

Ft. 

1.28 
2.98 
1.95 
2.35 

10  inch  H.  L.  li.,  W.  A.,  No.  1 

it             It               t  <            I  < 

lO-inch  B.  L.  R.  C'rozier  wire  wound 
12-inch  B.  L.  K.,  W.  A.,  No.  1.... 

(8)    97  to  104 
(5)  283  to  287 
(5)  271  to  275 
(5)  216  to  2-20 

Yds. 
1,760 

3,000 
1,760 
3,000 

Ft. 
3.4  X  4 
8.2  X  4.4 
3.     X  7  2 
6  8  X  5.2 

129.  Tt  will  be  observed  that  three  of  the  targets  were  made, 
beginning  with  rDiind  216  in  the  12-inch  gun,  round  271  in  the 
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12 "  B.L.Rifle,  W.A.  No.  1. 
Range  3000  yds. 
£imie  R. 


t  M.V.D.  1.64Ft. 
■M.H.D.  1.68  " 
(  M.D.       2.35  " 


IO'B.L.  Rifle,  W.  A.  No.  1. 
Range  3000  yds. 


M.V.D.  1.44  Ft. 
M.H.D.  2.61  " 
il.D.    .2.98  " 


Fig.  111.— Accuracy  Targets,  10-  and  12-inch  B.  L.  Rifles. 

10-inch  Crozier  wire  wound  gun  and  round  283  in  the  10-inch 
forged  steel  gun.  Before  these  firings  the  guns  had  become  so 
eroded  that  the  original  bands  on  the  projectiles  were  too  small  to 
seat  the  projectile  or  take  the  rifling  properly.  Xew  and  enlarged 
bands  were  used  in  each  case  with  the  result  of  restoring  the 
accuracy  of  the  guns  practically  to  the  original  standard. 


The  Disappearing  Carriage. 

130.  The  utility  of  the  disappearing  carriage  as  a  system  was 
seriously  attacked  in  1899  by  the  Major  General  commanding  the 
army,  followed  by  the  Board  of  Ordnance  and  Fortification  over 
Avhich  he  presided  at  that  time.  On  October  8,  1900,  the  Board, 
by  a  majority  vote  of  the  members  present  at  the  time,  recom- 
mended that  no  additional  disappearing  carriages  be  manufactured 
for  use  on  high  or  medium  sites,  and  that  no  more  shoukl  be  manu- 
factured for  use  on  low  sites  until  the  proportion  of  those  to  be 
placed  on  such  sites  should  have  been  reduced  to  one-third  of  the 
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total  niiinber  to  bo  so  located.  The  objections  were  directed  gen- 
erally: tirst  to  the  use  of  disappearing  guns,  and  second  to  criti- 
cisms of  the  then  adopted  tvpe  of  disappearing  carriage.  The 
objections  and  criticisms  on  both  points  have  been  very  fully  and 
completely  answered  by  papers  published  in  the  reports  of  the 
Chief  of  Ordnance,  U.  S.  Army,  for  1900,  appendix  32,  1901, 
appendix  58  and  1902,  appendix  1.  These  references  can  be  con- 
sulted by  any  desiring  to  acquaint  themselves  with  all  the  bear- 
ings of  the  subject.  The  question  was  finally  settled  (appendix 
1,  Eoport  of  1902)  by  the  report  of  a  board  of  seven  members 
ajipointed  by  the  President  pursuant  to  act  of  Congress.  The 
membership  of  this  board  comprised  Colonel  Wallace  F.  Ean- 
dolph,  Chief  of  Artillery;  Captain  Eugene  II.  C.  Leutze,  IT.  S. 
Xavy;  Major  John  G.  D.  Knight,  Engineers  Corps;  Major 
Charles  Shaler,  Ordnance  Department;  Major  Albert  S.  Cum- 
mins, Artillery  Corps;  Captain  William  H.  Coffin,  Artillery 
Corps;  Mr.  John  H.  Freeman,  of  Providence,  K.  I.,  with  Captain 
Pichmond  P.  Davis,  Artillery  Corps,  as  recorder.  The  board 
Avas  directed  to  test  the  system  by  firing  not  only  the  thirty 
rounds  from  a  10-inch  disappearing  gun  prescribed  by  Congress, 
but  also  thirty  rounds  from  a  10-inch  barbette  and  ten  rounds 
each  from  G,  8  and  10  inch  guns  mounted  on  both  disappearing 
and  barbette  carriages.  The  board  visited  five  artillery  posts 
and  fired  over  150  rounds  with  full  service  charges,  and  in  con- 
clusion recorded  its  opinion  that  the  general  mechanical  prin- 
ciples involved  in  the  chief  elements  and  movements  of  the  Buf- 
fington-Crozier  disappearing  carriage  are  admirably  adapted  to 
their  purpose.  In  these  trials  30  continuous  rounds  were  fired 
from  the  10-inch  disappearing  carriage  in  27  minutes  10  seconds. 
The  average  interval  between  rounds  being  54.3  seconds,  the 
shortest  interval  47  seconds.  c 

The  more  this  question  is  studied  in  connection  with  the  in- 
creased accuracy  and  power  of  gun  fire  from  shipboard  the  more 
reason  there  appears  for  affording  the  best  possible  protection 
for  the  gun  and  its  mount,  and  the  gun  crew  as  well.  This  re- 
quires guns  to  be  mounted  either  on  disappearing  carriages  or 
else  to  be  thoroughly  protected  by  shields.  One  gun  that  can 
be  kept  in  action  at  a  critical  time  is  evidently  better  than  a 
iiuml)fr  that  are  so  exposed  as  to  be  silenced  or  seriously  dam- 
aiif'(]  in  action.  The  straight  front  shield  usually  employed  on 
barlK-tte  carriages  affords  a  very  limited  amount  of  cover,  and  a 
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shield  thin  enoug'h  to  be  penetrated  by  shell  is  a  source  of  danger 
rather  than  protection. 

131.  The  illustration,  Fig.  112,  showing  an  Armstrong  gun  in 
the  Takau  forts,  China,  in  1900,  is  well  in  point.  They  w^ere 
attacked  bv  gunboats  carrying  rapid  fire  guns  only  at  ranges 
between  2,000  and  3,000  yards.  The  inner  sides  of  the  shields 
were  covered  with  blood  when  examined  after  the  capture  of  the 
forts,  and  around  one  gun  were  found  the  bodies  of  35  dead 
Chinamen.  One  gun  was  put  out  of  action  by  a  projectile  that 
entered  under  the  chase  and  injured  the  mechanism  of  the  car- 
riage. This  is  the  same  pattern  of  shield  regarding  wdiich  the 
testing  board  of  1902  remarked^  "  With  the  non-disappearing 
Armstrong  carriage  with  shield  the  gunner  has  better  protection 
than  he  has  on  anv  other  mount  examined  bv  the  board."  The 
4.7-inch  Armstrong  gun  shields  have  a  thickness  of  4  inches  at 
the  front  and  one  or  two  inches  on  the  flanks.  The  6-inch  Arm- 
strong carriage  shield  is  4^  inches  thick  at  the  front.  The  qual- 
ity of  the  steel  is  such,  however,  that  even  the  fronts  can  be  per- 
forated by  5  and  6  inch  rapid  fire  guns  at  battle  ranges. 

132.  The  thickness  of  shields  prescribed  for  our  barbette  car- 
riages is  1^-inch  for  6-pounder,  2  inches  for  15-pounder  and 
4^  inches  for  all  larger  calibers,  including  the  5  and  6  inch  rapid 
fire  and  the  sea-coast  barbette  carriages.  This  steel  is  required 
to  be  face-hardened  of  the  best  quality.  The  curved  shield 
recently  tested  on  a  dummy  6-inch  barbette  pedestal  mount, 
model  1900,  is  made  of  face-hardened,  Harveyized  steel  4^  inches 
thick.  It  was  able  to  keep  out  projectiles  of  5-inch  and  smaller 
calibers,  but  was  perforated  by  a  6-inch  projectile  fired  with  a 
reduced  velocity  to  simulate  a  battle  range  of  about  3,000  yards. 
The  cost  of  this  shield,  about  $10,000,  scarcely  compensates  for 
the  partial  protection  it  affords."^ 

133.  In  firing  from  a  disappearing  carriage  the  sighting  of  a 
gun  in  direction  and  elevation  is  given  before  the  gun  rises  into 
the  firing  position,  when  it  can  be  immediately  fired  and  the  gun 
remains  exposed  to  hostile  fire  for  a  few  seconds  only. 

*  F\g.  IK^  shows  the  6-inch  barbette  carriage  shield  with  the  axis  of  the  gun 
turned  60  degrees  from  the  line  of  observation  and  after  9  rounds  had  been  fired 
against  it,  namely,  one  3.2-inch;  five  5-inch;  and  three  6-inch  projectiles.  The 
perforation  seen  in  the  side  exposed  to  view  was  made  by  a  6-inch  capped  A.  P. 
shot  fired  with  a  striking  velocity  corresponding  to  about '3,100  yards  range  and  at 
an  angle  of  50.5  degrees  between  the  line  of  fire  and  a  tangent  jdane  to  the  plate 
at  the  jKiint  of  impact. 
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134.  A  vcrv  important  attribute  of  the  disappearing  carriage 
besides  the  jn'oteetion  of  the  gun  mount  and  gun  crew  from 
hostile  hre,  is  the  concealment  it  affords  on  the  approach  of  an 
enemy  as  compared  Avith  a  barbette  carriage  and  shield.  When 
the  vicinity  of  the  disappearing  battery  is  masked  by  trees  or 
shrubbery,  «Nvhich  shoukl  be  planted  if  the  natural  features  are 
bare,  the  disapi^earing  battery  becomes  most  difficult  to  identify 
at  a  distance,  while  a  barbette  gun  is  always  in  evidence  and 
when  furnished  with  a  shield  becomes  very  conspicuous. 

loo.  The  model  1901  12-inch  disappearing  carriage,  Fig.  114, 
is  controlled  by  electric  motors  in  manoeuvring,  and  combines 
other  improvements.  The  time  for  raising  into  battery  is 
reduced  to  about  six  seconds_,  or  less  than  one-half  the  time  re- 
quired with  the  previous  models  of  12-inch  carriage.  The 
traversing  and  elevating  are  controlled  by  the  gunner  on  the 
sighting  platform  through  electric  motors,  and  the  telescopic 
sight  is  so  supported  in  a  bracket  geared  with  the  elevating  ap- 
paratus of  the  gun  that  the  gunner  can  himself  give  the  neces- 
sary elevation  for  range  with  the  same  facility  as  with  guns  on 
pedestal  mounts.  The  telescopic  sight  has  a  3-inch  triple  objec- 
tive, 15-inch  focal  length,  Erashear-ITastings  erecting  prisms 
and  two  eye  pieces  giving  powers  of  12  and  20  with  a  field  of  4 
and  3  degrees  respectively.  The  eye  end  of  the  telescope  will  be 
provided  with  a  rack  and  pinion  for  focusing  and  with  adjustable 
cross  wires.  Small  electric  lights  are  provided  for  night  use  to 
ilhnninate  the  scale  diaphragm  in  the  telescope  and  the  deflection 
and  elevation  scales  of  the  instrument.  The  sight  includes  a 
range  drum  graduated  in  yards.  These  sights  and  the  telescope 
are  furnished  by  the  firm  of  Warner  &  Swasey,  Cleveland,  Ohio. 

MeiJiodH  of  Raiuje  Finding  and  Fire  Control, 

130.  The  methods  of  fire  direction  in  tlie  sea-coast  service 
incbi(k'  three  cases.  One,  whore  the  gunner  aim.s  directly  at  the 
target  witliont  predicted  range  and  direction,  and  continues  to 
fire  as  rapidly  as  possibh^  by  observing  as  far  as  practicable  the 
errors  of  ])revious  shots.  This  method  is  used  generally  with 
rapid  fire  guns.  Two,  where  the  gunner  gives  direction  to  the 
gun  by  oJ)scrviiig  the  target  through  the;  telescopic  sight,  and  the 
gun  is  elevated  to  give  a  predicted  range  obtained  from  the 
range-finding  instruments.     Three,  when  the  range  and  direction 
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are  both  obtained  by  the  range-finding-  appliances  and  transmitted 
to  the  gnn,  wliich  is  aimed  accordingly.  In  this  case  it  is  not 
necessary  for  the  gunner  to  see  the  target.  The  case  applies  to 
all  mortar  tire  and  to  the  special  case  of  salvo  points,  the  range 
and  direction  of  which  are  known  beforehand,  and  the  guns  can 
be  ]H)inted  to  be  discharged  when  the  moving  target  reaches  a 
salvo  point.  Cases  two  and  three  are  of  most  general  applica- 
tion, especially  for  distant  fire. 

137.  The  ranges  are  first  obtained  by  either  the  depression 
or  horizontal  base  range-finding  instruments,  and  by  means  of 
a  plotting  board  and  accessories  in  the  battery  commander's 
station  are  reduced  to  the  position  of  the  gun  that  is  to  be  fired 
and  then  transmitted  by  telephone  and  telautograph  to  the  bat- 
tery officer  at  the  gun.  AVlien  the  gun  is  reported  ready  for 
firins:  the  battery  commander  discharges  it  by  pressing  an  electric 
button  at  his  station  connected  by  wire  with  the  firing  mechanism 
and  electric  primer  in  the  gun.  Should  the  electric  firing  fail 
a  cannoneer  stands  ready  to  pull  a  lanyard  and  fire  the  primer  by 
friction.  In  case  of  a  moving  target  the  predicted  range  and 
direction  sent  to  the  gun  are  calculated  to  set  the  gun  sufficiently 
ahead  of  the  target  so  that  the  projectile  wall  reach  the  target 
when  it  arrives  at  the  predicted  point.  The  time  of  flight  of  the 
projectile  is  necessarily  involved  in  this  prediction. 

138.  This  is  a  very  brief  outline  of  the  methods  employed 
which  involve  in  practice  a  number  of  instruments  and  acces- 
sories, and  a  very  complete  system  of  governing  rules  for  fire 
direction  and  for  fire  control  by  the  commander  of  a  group  of 
batteries. 

130.  Two  methods  of  measuring  ranges  are  employed.  One, 
by  the  depression  range  finder  and  one  by  a  horizontal  base  with 
azimuth  instruments  at  each  end.  The  depression  range  finder 
being  complete  in  itself  affords  much  greater  convenience  than 
the  horizontal  base  in  operation.  The  difficulties  with  the  hori- 
zontal l)ase  are  especially  great  in  recognizing  the  target;  that  is, 
to  insure  that  both  observers  are  looking  at  the  same  vessel.  The 
limitations  in  the  accuracy  of  the  depression  instrument,  how- 
ever, which  must  be  mounted  at  a  height  of  at  least  60  or  better 
100  feet  above  sea  level,  coupled  with  the  difficulty  of  securing 
this  elevation  at  many  sea-coast  forts — unless  by  building  expen- 
sive and  very  conspicuous  towers — necessarily  lead  to  the  use  of 
the  horizontal  system   in   many  cases.     The   system   now  being 
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worked  out  is  based  upon  a  judicious  combination  of  the  two 
classes  of  instruments. 

140.  The  Warner  (fe  Swasey  depression  range  finder,  Fig.  115, 
has  been  constructed  with  full  knowledge  of  the  requirements  of 
an  instrument  of  this  kind  and  fulfills  these  requirements  better 
than  anv  other  known  instrument  for  the  purpose.  It  has  been 
tested  at  the  Proving  Ground  as  well  as  by  artillery  officers  at 
various  posts  in  target  practice  and  is  now  being  supplied  in 
quantity  for  the  service.  In  effect,  when  the  instrument  in  any 
given  station  has  been  adjusted  for  height  of  tide  and  for  refrac- 
tion it  enables  the  distance  to  a  target  to  be  read  directly  from 
the  yard  scale  by  bringing  the  horizontal  cross- wire  on  the  water- 
line  of  the  object.  The  same  firm  has  also  designed  a  self-con- 
tained horizontal  base  measuring  instrument.  A  model  of  one- 
fourth  size  with  a  base  six  feet  three  inches  long  has  been  tested 
with  satisfactory  results. 


Fig.  115. — Warner  &  Swasey  Depression  Range  Finder 
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J.  H.  Warder,  Secretary  Local  Committee. 

The  forty-ninth  meeting  of  the  American  Society  of  Mechanical 
Engineers  was  made  noteworthy  by  the  fact  that  it  was  a  joint 
meeting  of  the  American  Society  with  the  Institution  of  Mechan- 
ical Engineers  of  Great  Britain.  The  Council  of  the  American 
Society  had  in\4ted  the  British  Institution,  by  a  formal  vote, 
suggesting  that  the  latter  body  make  their  spring  meeting  of  1904 
an  American  Meeting,  ^^^th  a  view  of  visiting  the  great  exposition 
in  St.  Louis  which  would  be  in  progress  in  commemoration  oi 
the  centennial  of  the  purchase  of  Louisiana  from  the  French  in 
1803. 

This  invitation  was  cordially  accepted  by  the  Council  of  the 
Institution  of  Mechanical  Engineers  and  arrangements  were  at 
once  begun  by  the  executive  officers  of  the  two  institutions  to 
carry  out  the  common  purpose  of  such  a  joint  meeting. 
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It  was  roooc'iiized  that  a  very  sic^nificant  feature  of  the  visit  of 
the  British  Engineers  to  the  United  States  would  be  the  oppor- 
tunity and  privilege  of  visiting  the  American  installations  and 
study  American  practice  in  the  line  of  their  particular  interests.  ' 

To  this  end  the  American  Society  had  organized  headquarters 
in  the  ^  arious  cities  to  which  the  visiting  engineers  were  directed 
by  accrediting  letters,  and  through  which  channels  the  arrange- 
ments for  the  local  visits  were  provided.  The  visiting  engineers 
had  come  to  America  sufficiently  far  in  advance  of  the  date  of  the 
meeting  to  accomplish  their  purposes  in  part  before  the  meeting, 
and  were  arranging  to  visit  other  cities  after  the  meeting. 

The  date  for  the  joint  meeting  was  set  for  May  31st  to  June 
3rd,  and  in  the  city  of  Chicago,  rather  than  in  St.  Louis,  in  order 
that  the  advantages  might  be  reaped  from  the  ample  and  con- 
venient hotel  accommodations  in  Chicago,  and  so  that  the  real 
business  of  the  meeting  might  be  completed  before  the  distrac- 
tions and  interests  of  the  exposition  should  compete  for  available 
time  of  the  visitors. 

The  headquarters  of  the  Society  were  opened  on  the  morning 
of  May  31st,  in  a  room  in  the  Auditorium  Hotel,  and  it  became 
at  once  obvious  that  the  numbers  in  attendance  from  American 
and  British  sources  would  be  unusually  large.  The  total  registra- 
tion during  the  four  days  exceeded  the  highest  figures  reached 
in  any  previous  gathering,  and  were  approximately  as  follows: 

American  Society 350 

British       "  75 

Ladies  and  guests 518 

Total 943 

The  registration  system  was  carried  out  by  a  card  principle  in 
multiple,  and  this  meeting  was  the  first  at  which  a  satisfactory 
method  was  us«]  for  the  carriage  by  each  member  of  his  name  as 
a  feature  of  the  lapel  badge  of  distinction  of  member  and  guest. 

The  name  was  used  only  by  members  of  the  two  societies  and  a 
different  color  for  the  card  was  used  for  the  American  and  Brit- 
i.«yh  members.     The  plan  worked  smoothly  and  acceptably. 

The  opening  day  was  given  over  to  incidental  excursions  to 
the  underground  subways  of  the  city  and  to  miscellaneous  and 
individual  interests. 

The  first  session  was  arranged  to  be  held  in  the  Music  TTall  of 
the  Auditorium  for  Tuesday  evening. 
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Opening  Session.     May  31st,  8.30  p.  m. 

The  first  session  was  held  in  the  Music  Hall  of  what  is  desig- 
nated as  the  Fine  Arts  Building,  and  was  called  to  order  by  Mr. 
Robert  AV.  Hunt,  of  Chicago,  Chairman  of  the  Local  Committee. 
On  the  platform  with  Mr.  Hunt  were  Mr.  Ambrose  Swasey, 
president  of  the  Society;  Mr.  J.  Hartley  Wicksteed,  president 
of  the  English  Institution;  Mr.  Edgar  Worthington,  secretary 
of  the  English  Institution,  and  Prof.  F.  R.  Hutton,  secretary  of 
the  American  Society. 

Mr.  Hunt  introduced  the  Comptroller  of  Chicago,  the  Hon. 
Lawrence  E.  McGann,  who  had  been  delegated  by  the  corporation 
to  represent  it  in  welcoming  the  engineers  as  guests  of  the  city. 

Mr.  McGann  spoke  in  detail  of  the  obligation  which  the  city 
recognized  to  the  work  of  the  engineer,  and  referred  to  the  finan- 
cial obstacle  which  had  prevented  progress  in  these  directions  at 
the  rate  which  the  city  would  have  been  glad  to  follow. 

President  Swasey  of  the  American  Society  spoke  of  the  Society 
meeting  once  again  in  Chicago,  referring  to  the  meetings  in  1886 
and  in  1893,  and  commenting  on  the  growth  of  the  Society  during 
these  intervals  He  spoke  of  Chicago  being  the  only  city  where 
the  Societv  has  ever  held  three  of  its  mid-vear  meetings  so  far. 
He  made  his  welcome  at  this  point  include  particularly  the  pleas- 
ure of  the  American  Society  in  welcoming  the  British  Institution 
to  a  joint  session  under  such  favorable  circumstances. 

President  J.  Hartley  Wicksteed  of  the  Institution  of  Mechani- 
cal Engineers  of  Great  Britain  expressed  his  pleasure  in  taking 
part  in  the  welcome  of  the  engineers,  and  gave  reference  to  the 
pleasure  of  the  visitors  in  coming  to  the  various  cities  of  the 
United  States,  and  noting  the  differences  which  were  characteris- 
tic of  them. 

At  the  close  of  the  responses  of  the  respective  presidents,  a 
letter  was  read  from  Mr.  James  Forrest,  past-secretary  of  the 
Institution  of  Civil  Engineers  of  Great  Britain,  in  which  he  ex- 
pressed the  wish  that  the  joint  meeting  might  strengthen  the  bonds 
of  international  fellowship  and  social  union  between  the  two  great 
branches  of  the  English-speaking  race. 

At  the  close  of  the  formal  exercises  the  meeting  adjourned  to 
an  informal  reception,  tendered  by  the  local  residents,  in  the  par- 
lors of  the  hotel,  at  which  a  light  collation  was  served,  and  which 
gave  opportunity  for  the  members  to  renew  old  acquaintances 
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and  form  new  ones,  and  for  the  members  of  the  two  societies  to 
come  into  social  contact. 

Second  Session.     Wednesday,  June  1st,  10  o'clock  a.  m. 

The  second  session  was  called  to  order  in  the  large  ball-room 
of  the  Auditorium  Hotel  on  the  ninth  floor,  overlooking  the  lake. 
The  meeting  was  called  to  order  by  President  Swasey  of  the 
American  Society,  who  took  occasion  to  report  to  the  meeting 
the  action  of  the  Council  under  the  provisions  of  the  Constitution, 
on  the  previous  afternoon,  whereby,  after  nomination  in  due 
form,  Past-President  John  E  Sweet,  one  of  the  founders  of  the 
Society,  had  been  elected  to  honorary  membership. 

He  spoke  in  fitting  words  of  Professor  Sweet  as  a  capable  man, 
an  able  engineer,  and  that  if  any  living  member  of  the  Society  was 
entitled  to  the  name  of  '^  Father  of  the  Society  of  Mechanical 
Engineers  "  it  was  the  member  whom  the  Society  had  honored, 
and  in  honoring  whom  it  honored  itself.  The  announcement  of 
this  election  was  received  with  applause. 

The  Secretary  reported  for  record  the  Report  of  the  Tellers 
of  Election  as  follows: 

REPORT  OF  TELLERS  OF  ELECTION. 

The  undersigned  Avere  appointed  a  committee  of  the  Council 
to  act  as  tellers  under  By-Laws  6,  7,  and  8,  to  scrutinize  and  count 
the  ballots  cast  for  and  against  the  candidates  proposed  for  mem- 
bership in  their  several  grades  in  the  xVmerican  Society  of 
^fechanical  Engineers,  and  seeking  election  before  the  Forty-ninth 
Meeting,  Chicago,  1904. 

They  have  met  upon  the  designated  days  in  the  office  of  the 
Society,  and  have  proceeded  to  the  discharge  of  their  duty.  They 
would  certify  for  formal  insertion  in  the  records  of  the  Society, 
to  the  election  of  the  following  persons,  whose  names  appear  on 
the  appended  list  in  their  several  grades. 

There  were  661  votes  cast  on  the  ballot  ending  May  14th,  1004, 
of  which  50  were  thrown  out  on  account  of  informalities.  There 
were  596  votes  cast  on  the  ballot  ending  May  21,  1904,  of  which 
'52  were  thrown  out  because  of  informalities.  The  tellers  have 
considered  a  balhjt  as  infonnal  which  was  not  endorsed,  or 
where  the  endorsement  was  made  })y  a  facsimile  or  other  stamp. 

Charles  E.  Lucre,)  ^  ,,         /.  7-.,    .. 
TT  n    /-I  r  -Idlers  of  Mection. 

Henri  G.  Chatain,  )  •^ 
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May  14,  1904. 


To  BE  Voted  for  as  Members. 


AUen,  W.  M. 
Andrew,  J.  D. 
Angus,  J.  J. 
Arnold,  George 
Baker,  J.C.W. 
Bausch,  F.  E. 
Bidle,  W.  S. 
Coster,  M. 
Darlington,  P.  J. 
Da  vol,  G.  K. 
Diemer,  H. 
Dunbar,  W.  O. 
Gerhard,  W.  P. 
Goddard,  D. 


Harris,  W.  A, 
Hood,  O.  P. 
Howells,  C. 
Jenness,  C.  H. 
Kelman,  J.  H. 
Kenyon,  A.  L. 
Lafore,  J.  A. 
Larkin,  W.  H.,  Jr. 
Lenfest,  B.  A. 
Lord,  J.  E. 
MacMurray,  J.  T. 
Meier,  K. 
Metcalf,  L. 
Muckle,  J.  S. 
Powell,  J.  E. 


Randall,  D.  T. 
Safford,  A.  T. 
Sage,  H.  M. 
Sanborn,  F.  E. 
Smith,  A.  L. 
Smith,  P.  F.,  Jr. 
Stillman,  G.  F. 
Teele,  F.  W. 
Toltz,  M.  E.  R. 
Trampe,  J.  A.  C.  L.  de 
Walker,  G.  S. 
Wells,  E.  C. 
Wells,  J.  H. 
Wolf,  F.  W. 


For  Promotion  to  Full  Membership, 

Bump,  B.  X.  Hannah,  F.  A.  Logan,  J.  W. 

Marks,  L.  S.  Wallace,  D.  A. 

To  be  Voted  for  as  Associates. 


GiUette,  J.  W. 
Johnson,  W. 
Judd,  Horace 
Logan,  J. 


Ludeman,  E.  H. 
Merrill,  J.  L. 
Norton,  F.  L. 
Noyes,  H.T.,  Jr. 
O'Neil,  J.  G. 


Parkhurst,  F.  A. 
Rippey,  S.  H. 
WiUiams,  G.  W. 
Woods,  F.  F. 


For  Promotion  to  Associates. 


Libbey,  J.  H. 


Buckingham,  H.  H. 
Canby,  H.  B. 
Diederichs,  H. 
Dudley,  S.  W. 
Gamon,  E. 
Gillett,  W.  L. 
GlavSgow,  C.  L. 
Jackson,  P. 
Kelley,  G.  C. 
Kenney,  L.  H. 
King,  R.  S. 


Robbins,  C.  C. 
To   BE  Voted  for  as  Juniors. 


Knowlton,  F.  K. 
Lockett,  K. 
Massie,  J.  H. 
Matthews,  F.  E. 
Morgan,  L. 
Murphy,  J.  K. 
Nate,  E.  H. 
Newbury,  G.  K. 
Norris,  H.  L. 
Powell,  E.  B. 
Rantenstrauch,  W 
Richards,  CD. 


Schaeffer,  S. 
Schlemmer,  E. 
Scott,  E.  F. 
Slawson,  H.  H. 
Snodgrass,  J.  McB. 
Sponsler,  C.  F. 
Stacy,  H.  W. 
Townsend,  H.  P. 
Wachalofsky,  C.  J. 
Woodward,  R.  S.,  Ji. 
Young,  C.  H. 


:t26 
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May  21st,  1904. 
To  BE  Voted  for  as  Members. 


Bennett,  C.  W. 
Clemens,  A.  B. 
Corbett.P.H. 
Elmes,  C.  W. 
Haven,  H.  M. 
Holdswortb,  F.  D. 


Jones,  B.  N. 
Loomis,  B.,  Jr. 
Lucas,  H.  M. 
Massa,  R.  F. 
Monteagle,  R.  C. 
Nicholson,  S.  T. 
Reid,  Joseph. 


Rivett,  Edward. 
Schulte,  G.  H. 
Slade,  A.  J. 
Smith,  E.  J. 
Stivers,  W.  D. 
Taylor,  C.  L. 


For  Promotion  to  Full  Membership. 


lielsley,  Clay. 
Bouton,  G.  I. 
Collier,  W.  H. 


Doty,  Paul. 
Hutchison,  R. 
Jacobs,  Ward  S. 
King,  J.  H. 


Price,  A.  M. 
Watts,  Geo.  W. 
Whitaker,  H.  E 


To  be  Voted  for  as  Associates. 


Beebe,  M.  C. 
Garred,  U.  A. 
Hill,  H.  H. 


Nelson,  J.  W. 
Obert,  C.  W. 


Pond,  H.  O. 
Stevens,  H.  L. 
Van  Winkle,  E. 


For  Promotion  to  Associate  Membership. 


Langoltz,  Robt. 


Barnard,  E.  E. 
Chasteney,  C.  D. 
ajbleigh,  H.  R. 
Gardner,  Henry 


Morrison,  H.  S. 


To  BE  Voted  for  as  Juniors. 


Heaton,  H.  C. 
Hodge,  Geo.  O. 
Horton,  W.  H. 


Knoop,  T.  M. 
Midgley,  F.  W. 
Sibley,  M.  M. 
Sibson,  H.  E. 


TTnflor  tho  provisions  of  the  Constitution  and  By-Laws,  the 
Chairman  announced  these  gentlemen  in  the  foregoing  list  to  be 
duly  elected  to  membership  in  their  respective  grades. 

Mr.  AVilfred  Lewis,  Chairman  of  the  Commitee  on  Standard 
Forms  of  ^[achine  Screws,  reported  in  a  letter  that  very  satisfac- 
tory progress  had  been  made,  and  the  committee  confidently  ex- 
pected to  complete  its  work  in  ample  time  for  the  presentation  of 
a  report  at  the  annual  meeting  of  the  Society  in  December. 

The  Chair  then  called  upon  the  Committee  representing  the 
Society  in  the  planning  and  labor  concerning  the  proposed  en- 
gineering building  which  Mr.  Andrew  Carnegie  had  projected  for 
the  use  of  the  societies  who  should  take  part  in  its  advantages. 
This  report,  in  the  absence  of  other  representatives  of  the  Society, 
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was  presented  bv  the  Secretary,  and  is  made  a  special  appendix  to 
the  Proceedings  of  this  meeting. 

At  this  point  the  President  called  for  new  business,  motions 
and  resolutions. 

Mr.  Fred  J.  Miller,  of  ^ew  York,  presented  at  this  point  a  pro- 
posed amendment  to  the  method  of  amending  the  Constitution  of 
the  Society.     The  debate  on  this  amendment  was  as  follows: 

Mr.  Fred  J.  Miller. — In  accordance  with  paragraph  59  of 
the  Constitution,  I  ^^sh  to  offer  an  amendment  to  that  para- 
graph. Perhaps  I  had  better  read  the  paragraph  as  it  is  in  the 
year  Book,  so  that  if  any  discussion  takes  place  we  may  discuss 
it  intelligently.    May  I  do  that  ? 

President  Swasey. — As  you  please. 

Mr.  Fred  J.  Miller  (reading). — ^^  At  any  semi-annual  meeting 
of  the  Society  any  member  may  propose  in  writing  an  amendment 
to  this  Constitution.  Such  proposed  amendment  shall  not  be 
voted  on  at  that  meeting,  but  shall  be  open  to  discussion  and  to 
such  modification  as  may  be  accepted  by  the  proposer.  The  pro- 
posed amendment  shall  be  mailed  in  printed  form  by  the  Secretary 
to  each  member  of  the  Society  entitled  to  vote,  at  least  sixty 
days  previous  to  the  next  annual  meeting,  accompanied  by  com- 
ment by  the  Council,  if  it  so  elects.  At  that  annual  meeting  such 
proposed  amendment  shall  be  presented  for  discussion  and  final 
amendment,  and  shall  subsequently  be  submitted  to  all  members 
entitled  to  vote,  provided  that  twenty  votes  are  cast  in  favor  of 
such  submission."  That  means  twent}"  votes  at  that  meeting. 
"  The  final  vote  on  adoption  shall  be  by  sealed  letter-ballot,  clos- 
ing at  twelve  o'clock  noon  on  the  first  ^^londay  of  March  fol- 
lowing." 

Paragraph  5S  reads: 

"  The  letter-ballot,  accompanied  by  the  text  of  the  proposed 
amendment,  shall  be  mailed  by  the  Secretary  to  each  member 
of  the  Society  entitled  to  vote  at  least  thirty  days  previous  to  the 
closure  of  the  voting.  The  ballots  shall  be  voted,  canvassed  and 
announced  as  provided  in  the  By-Laws.  The  adoption  of  the 
amendment  shall  be  decided  by  a  majority  of  the  votes  cast.  An 
amendment  shall  take  effect  on  the  announcement  of  its  adop- 
tion by  the  presiding  officer  of  the  semi-annual  meeting  next  fol- 
loA\^ng  the  closure  of  the  vote." 

I  call  attention  to  the  fact  that  according  to  this  paragraph  of 
the  Constitution  if  a  member  propose  any  amendment  to  the  Con- 
stitution he  need  not  secure  the  approval  of  any  other  member 
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of  the  Society.  It  does  not  even  require  that  the  proposed  amend- 
ment shall  be  seconded.  If  it  is  merely  proposed  at  a  semi-annual 
meeting-,  in  writing,  though  it  may  then  be  discussed,  a  vote  upon 
it  is  prohibited  at  that  time;  it  may  only  be  discussed  and  the 
proposer  may  accept  amendments  if  he  choose,  but  no  matter  if 
he  is  unable  to  secure  the  approval  of  a  single  other  member  of 
the  Society  for  the  proposed  amendment,  the  Secretary  is,  never- 
theless, compelled  to  print  it,  at  the  expense  of  the  Society,  and 
to  send  it  to  every  member  of  the  Society  to  be  voted  upon.  Then 
it  must  come  back  to  the  Secretary,  must  be  again  discussed,  and 
if  it  then  receive  twenty  votes  in  the  meeting  it  must  be  again 
sent  out  to  every  member  to  be  voted  upon  a  second  time,  and, 
if  it  then  receives  their  approval,  it  is  adopted.  Now,  in  case 
no  amendment  is  made  at  the  second  presentation  of  the  amend- 
ment, that  is,  if  no  modification  of  it  is  made,  the  Society  is 
placed  in  the  position  of  sending  out  to  the  full  membership 
identically  the  same  thing  to  be  voted  upon  a  second  time.  That 
is  to  say,  though  it  has  been  sent  out  once  and  approved,  it  must 
be  again  sent  out  for  a  second  vote,  even  though  no  alteration 
whatever  may  have  been  made. 

In  place  of  those  two  paragraphs  I  propose  the  following: 

Amendment  to  the  Constitution. 

"At  any  semi-annual  meeting  of  the  Society  any  member  may  propose  in 
writing  an  amendment  to  this  Constitution.  Such  proposed  amendment  shall 
then  be  open  to  discussion  and  to  such  modification  as  may  be  accepted  by  the 
proposer,  and  if  it  then  receives  in  its  favor  20  votes  from  among  the  members 
present  it  shall,  at  least  60  days  previous  to  the  next  annual  meeting,  be  mailed 
in  printed  form  by  the  Secretary  to  each  member  of  the  Society  entitled  to  vote, 
accompanied  l>y  corrmiments  by  the  council  if  it  so  elects.  The  vote  upon  the 
amendment  shall  l.e  by  sealed  letter  ballot  closing  at  10  a.m.  on  the  first  day  of 
the  annual  meeting  first  succeeding  the  semi-annual  meeting  at  which  the  amend- 
ment was  propo.sed.  The  ballots  shall  be  voted,  canvassed  and  announced  as 
provided  in  the  by-laws,  and  if  a  majority  of  the  votes  cast  are  in  favor  of  the 
amendment  it  shall,  after  declaration  of  that  fact  by  the  presiding  officer  there- 
upon take  effect  and  be  in  force." 

It  seems  to  me  that  this  amendment  obviates  the  difficulty  into 
wliich  this  clause  of  the  Constitution  as  it  now  stands  may  lead  us. 
I  have,  I  may  say,  some  other  amendments  which  I  think  should 
be  made,  but  I  do  not  present  them  now,  because  I  do  not  wish  to 
propose  them  under  this  law  as  it  now  stands,  as  I  would  be 
compelled  to  i)rf»pose  them  without  their  having  received  the  ap- 
proval of  any  other  member,  and  I  wish  simply  to  get  this  under 
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wav  in  order  that  neither  myself  nor  any  other  member  who 
wishes  to  propose  an  amendment  may  be  compelled  to  propose 
it  in  the  manner  in  which  the  Constitution  now  requires  it  to  be 
done. 

President  Swasey. — Gentlemen,  you  have  heard  the  amendment 
proposed  by  Mr.  Miller,  which  is  now  open  for  discussion.  What 
have  you  to  say  in  regard  to  it? 

Mr.  R.  H.  Soule. — Having  been  a  member  of  the  Committee  on 
the  Revision  of  the  Constitution  I  am  familiar  with  the  circum- 
stances and  considerations  which  led  up  to  the  adoption  of  the 
particular  clause  which  it  is  now  sought  to  amend;  there  was  not 
one  article  of  the  entire  Constitution  and  By-laws  for  which  so 
many  alternative  arrangements  were  offered  as  this  one;  the  com- 
mittee spent  a  great  deal  of  time  in  discussing  the  best  method  of 
amending  the  Constitution,  and  finally  decided  on  the  form  which 
has  since  been  adopted;  and  the  underlying  principles  in  reaching 
that  conclusion  were  these: 

First  of  all  it  was  considered  wise  to  give  every  member  of 
this  Society  a  right  to  stand  up  on  this  floor  and  to  suggest  an 
amendment  to  the  Constitution,  and  it  was  purposely  made  to  read 
so  that  it  was  not  necessary  for  him  even  to  secure  a  second;  it 
was  considered  that  it  ought  to  be  the  fundamental  right  of  every 
man  to  submit  an  amendment  to  the  Constitution,  and  at  least 
claim  a  hearing  for  it;  the  other  idea  was  that  it  would  be  a 
sound  principle  that  the  main  debate  on  that  proposed  amendment 
should  be  precipitated  into  the  arena  of  discussion  at  the  annual 
meeting  of  the  Society;  the  fact  is  recognized  that  the  annual 
meeting  is  always  the  largest,  and  therefore  it  is  the  one  at  which 
it  may  be  assumed  that  an  amendment  would  receive  the  most 
careful  consideration  and  at  the  hands  of  the  largest  proportion 
of  the  membership. 

That  is  the  logic  which  pervaded  the  minds  of  the  members 
of  the  Committee  on  Revision  of  the  Constitution,  and  which  led 
up  to  their  suggestion  of  that  particular  clause  which  it  is  now 
proposed  to  amend. 

J/r.  Fred  J.  Miller. — In  regard  to  what  Mr.  Soule  says  as  to  the 
right  of  every  member  to  propose  an  amendment,  I  would  be 
the  last  one  to  deny  that  right,  for  I  most  thoroughly  believe  in  it; 
but  I  call  attention  to  the  fact  that  my  amendment  toes  not  really 
abridge  the  right  of  a  member  to  propose  an  amendment;  he  still 
has  the  right  to  propose,  but  there  is  no  use  in  putting  the  Society 
to  the  expense  of  printing  his  amendment  and  sending  it  out  to 
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the  inenibersliip  if  ho  cannot  get  twenty  members  to  agree;  with 
him  that  the  amendment  is  a  desirable  one;  because  it  is  then 
morally  certain  that  his  amendment  cannot  be  adopted,  and  the 
bother  and  expense  of  the  general  vote  will  be  to  no  purpose. 

I  have  s-tudied  the  Swiss  Initiative  and  Referendum  to  some 
extent.  Any  citizen  of  the  Swiss  Republic  has  a  right  to  pro- 
pose a  law,  but  it  is  there  clearly  seen  that  it  would  be  folly  to 
arrange  so  that  any  Swiss  citizen  could  simply  write  out  a  proposed 
hiw,  and  that  it  should  then  be  immediately  submitted  to  every 
member  of  the  Government  to  be  voted  upon.  The  Swiss  Consti- 
tution requires  that  the  proposer  of  the  law  shall  have  back  of  it 
the  support  of  a  certain  number  of  citizens  first  secured  by  the 
proposer.  That  is  what  we  want  here.  Another  point  which  occurs 
to  me  is  this :  That  an  amendment  may  be  sent  out  to  the  member- 
ship to  be  voted  upon,  and  it  may  be  approved  by  them;  the  mem- 
bers expressing  their  desire  to  have  the  Constitution  so  amended, 
and  yet  that  amendment  comes  up  in  the  next  annual  meeting  of 
the  Society,  and  is  discussed  if  at  that  time  it  fails  to  receive 
twenty  votes,  the  will  of  the  Society  is  set  aside,  i.e.,  although 
the  membership  at  large  has  voted  in  favor  of  the  amendment 
it  cannot  be  adopted,  simply  because  it  cannot  be  sent  out  for  a 
second  vote  by  the  membership  at  large.  I  do  not  think  that  is 
right. 

President  Swasey. — ^Is  there  any  further  discussion?  If  not, 
the  amendment  will  take  the  regular  course  laid  down  by  the 
Constitution. 

No  other  new  business  being  presented  the  meeting  took  up 
the  professional  papers  as  follows: 

The  paper  by  Mr.  Harrington  Emerson  on  '^  A  Rational  Basis 
for  Wages  "  was  discussed  by  Messrs.  Emerson  Bainbridge,  E.  J. 
Chambers,  and  J.  Hartley  Wicksteed  of  the  British  Institution, 
and  Mr.  H.  H.  Suplee  of  the  American  Society. 

Two  papers  presented  by  British  authors  Avere  then  read  by 
the  Secretary  of  the  British  Institution. 

The  paper  by  Mr.  George  Watson  was  entitled  "  The  Burning 
of  Town  Refuse,"  and  the  paper  by  Mr.  C.  Newton  Russell  was 
entitled  ^'  Refuse  Destruction  by  Burning,  and  the  Utilization 
of  Heat  Generated."  Prc^sident  Wicksteed  opened  the  discus- 
sion, which  was  participated  in  by  Mr.  Alfred  Saxon,  Mr.  Charles 
Wicksteed,  and  ^fr.  G.  R.  Dunell  oi  the  British  Institution. 

At  the  close  f)f  these  papers  the  meeting  took  a  recess  until  the 
evening  of  the  same  day. 
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Third  Session.     Wednesday  Evening,  June  1st,  8.30  p.  m. 

The  third  session  was  called  to  order  in  the  Music  Hall  of  the 
Fine  Arts  Building  by  President  Ambrose  Swasey.  The  papers 
of  this  evening  were  specifically  devoted  to  the  Power  Plant 
Problem  and  Practice,  especially  on  the  development  of  the  steam- 
turbine.  In  the  discussion  of  the  three  papers,  Messrs.  Storm 
Bull,  George  I.  Roclrvvood,  D.  S.  Jacobus,  H.  H.  Suplee,  George 
W,  Colles,  H.  L.  Doherty,  and  Alex.  Dow  took  part.  Messrs. 
Hodgkinson,  Rearick,  Rice,  and  Kerr  spoke  in  the  closures.  The 
full  titles  of  the  papers  were  as  follows:  "  Some  Theoretical  and 
Practical  Considerations  in  Steam-Turbine  Work,"  by  F.  Hodg- 
kinson; '^  The  De  Laval  Steam-Turbine,''  by  E.  S.  Lea  and  E. 
:Meden;  "The  Curtis  Steam-Turbine,"  by  ^V.  L.  R.  Emmet; 
"  Different  Application  of  Steam-Turbines,"  by  A.  Rateau;  "  The 
Potential  Efficiency  of  Prime  Movers,"  by  C.  Y.  Kerr. 

Fourth  Session.     Thursday  Morning,  June  2nd. 

The  session  was  opened  by  the  presentation  of  two  papers  on 
the  Tall  Office  Building  Problem,  by  Messrs.  Bolton  and  J.  H. 
Wells.  These  papers  were  respectively  entitled  "  The  Power 
Plant  of  the  Tall  Office  Building,"  and  were  discussed  by  Messrs. 
Bryan,  Colles,  Rockwood,  Suplee,  Bunnell,  Gifford  and  Mr.  Mstle 
of  the  American  Society. 

The  next  paper  was  from  the  English  Society,  and  was  en- 
titled "  The  ^liddlesbrough  Dock  Electric  and  Hydraulic 
Power  Plant,"  discussed  by  Messrs.  Barr,  Alfred  Saxon,  and 
John  Etherington;  the  paper  entitled  "  Use  of  Superheated  Steam 
and  of  Reheaters  in  Compound  Engines  of  Large  Size,"  by  Mr. 
Lionel  S.  Marks,  was  discussed  by  Messrs.  Barrus,  Kerr,  and  Rock- 
wood.  The  paper  by  Mr.  William  P.  Flint,  entitled  "  Commercial 
Gas  Engine  Testing  and  Proposed  Standard  of  Comparison,"  was 
discussed  by  Messrs.  Mathot  and  Chambers  of  the  English  Society, 
and  Professor  Jacobus  of  the  American. 

At  the  close  of  the  discussion  the  meeting  took  a  recess  until  the 
final  session  on  Friday  morning. 

Final  Session.     Friday  Morning,  June  3rd. 

The  Joint  Meeting  was  the  guest  for  this  session  of  the  Lewis 
Institute  of  Chicago,  West  Madison  and  Robey  Streets.  The  ses- 
sion was  introduced  by  the  presentation  by  Secretary  Worthing- 
ton,  on  behalf  of  Mr.  William  Campbell,  of  the  report  of  the 
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Institution's  couimittoe  on  "  Effects  of  Strain  and  Annealing/' 
prepared  by  Dr.  William  Campbell.  This  report  was  presented 
in  abstract  by  the  use  of  lantern  slides  projected  upon  a  screen. 

Following  the  presentation  of  this  report,  which  was  com- 
mented on  by  President  Wicksteed,  the  paper  by  Mr.  William 
J.  Keep  was  read  on  ''  Cast-Iron,  Composition,  Strength  and 
Specitications,"  which  was  discussed  by  Messrs.  West  and  Emer- 
son of  the  American  Society  and  Mr.  Chambers  and  Mr.  Crosta 
of  the  British  Institution. 

At  this  point,  President  Wicksteed  took  the  chair  for  the  pres- 
entation of  the  paper  by  Prof.  J.  T.  Nicholson  on  "  Experi- 
ments with  a  Lathe-Tool  Dynamometer,"  which  was  presented  by 
]Mr.  Daniel  Adamson  of  Manchester,  England,  with  whom  he  had 
been  associated.  In  the  discussion,  Messrs.  Wicksteed,  Emerson, 
McGeorge,  Benjamin,  and  Pilton  took  part. 

President  Swasey  of  the  American  Society  resumed  the  chair 
for  the  presentation  of  the  papers  on  locomotive  testing,  by 
Messrs.  Hitchcock  and  Goss,  respectively,  entitled:  "Locomotive 
Testing  Plants,''  by  Prof.  W.  F.  M.  Goss;  "  Road  Tests  of  Con- 
solidation Freight  Locomotives,"  by  Prof.  E.  A.  Hitchcock. 

Messrs.  Bement  and  Worthington  took  part  in  the  discussion. 

With  this  group  of  papers  the  presentation  of  technical  mat- 
ter was  completed. 

Director  Carmen  of  the  Lewis  Institute  introduced  at  this 
point  the  Hon.  C.  C.  Kohlsaat,  Judge  of  the  United  States  Court 
in  Chicago  and  president  of  the  Board  of  Trustees  of  the  Lewis 
Institute.  Judge  Kohlsaat  expressed  the  pleasure  of  the  Trustees 
of  the  Institute  in  having  the  body  its  guests  for  the  morning, 
and  referred  in  brief  to  the  desire  of  the  Institute  to  make  itself 
useful  in  the  spread  of  engineering  education  and  in  fitting  young 
men  to  carry  on  the  work  of  the  world  in  industrial  lines. 

^fr.  itobert  \V.  Hunt  spoke  in  feeling  words  of  the  death 
during  the  progress  of  the  convention  of  Mr.  David  B.  Fraser, 
a  veteran  member  of  the  Society  resident  in  Chicago,  who  had 
been  a  member  of  the  Local  Committee  of  Arrangement,  and 
who  was  a  foremost  representative  of  the  industrial  interests  of 
the  city.  Due  meanorial  action  was  to  be  taken  by  the  Society 
in  its  published  volume  of  Transactions. 

Presifh-nt  Swasey  at  this  point  read  from  the  chair  the  fol- 
lowing minute: 

The  American  Society  of  Meclianiral  ETif;incer.s,  speakinp;  for  its  own  members, 
desires  at  the  outset  to  record  its  pleasure  in  the  fortunate  outcome  of  its  plans 
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which  have  brought  the  Institution  of  Mechanical  Engineers  from  England  to 
be  its  guests  and  co-workers  in  the  pleasures  and  labors  of  its  Chicago  Convention. 
It  was  a  happy  thought  of  Mr.  James  Rowan  of  Glasgow  to  present  to  the  Ameri- 
cans the  possibility  of  liolding  a  meeting  of  the  Institution  in  the  Ignited  States. 
It  is  with  great  pleasure  that  the  Americans  ha\-e  been  permitted  to  receive  so 
many  members  of  the  Institution  and  to  take  them  into  all  the  elements,  both  pro- 
fessional and  social,  of  such  a  successful  convention.  The  Americans  hope  that 
their  guests  will  carry  home  with  them  a  still  more  earnest  recognition  of  the  fact 
that  the  two  branches  spring  from  a  common  stock  by  race  and  language,  and 
that  the  laws  and  practice«of  engineering  must  necessarily  be  one  on  both  sides 
of  the  Atlantic. 

At  the  close,  President  Wicksteed  of  the  British  Institution 
rose  and  took  the  chair,  and  presented  the  following  minute  on 
behalf  of  the  British  Society: 

The  Institution  of  Mechanical  Engineers,  as  represented  by  its  President, 
Council,  visiting  members  and  Secretary,  desires  to  take  occasion  on  this  last 
session  of  the  joint  meeting  to  pass  a  resolution  which  shall  convey  to  the  Ameri- 
can Society  the  warm  thanks  and  recognition  which  they  desire  to  express  for  all 
that  has  been  done  for  their  pleasure  and  profit  during  the  American  visit  of 
the  Institution.  They  desire  to  thank  the  Council  of  the  American  Society  and 
the  executive  officers  who  represent  it  for  courtesies',  official  and  personal,  and 
for  the  arrangements  which  have  been  made  for  them,  the  visiting  engineers,  to 
have  opportunities  of  studying  American  industry  in  its  home  field. 

The  Institution  desires  further  to  record  the  pleasure  its  members  have  de- 
rived from  the  attentions  and  opportunities  which  have  been  extended  to  them 
during  their  stay  in  Chicago,  and  in  their  joint  participation  in  the  Chicago 
Meeting.  The  visitors  ask  that,  in  the  resolutions  of  thanks  for  specific  things 
which  are  about  to  be  presented  to  the  joint  meeting,  they  may  be  particularly 
included,  and  that  they  as  well  as  the  society  may  be  identified  with  these  resolu- 
tions. 

At  the  close  of  this  action,  the  Secretary  of  the  American  So- 
ciety presented  on  behalf  of  both  organization  the  following  reso- 
lutions of  thanks  and  recognition,  which  were  unanimously 
adopted: 

1.  Resolved,  That  the  American  Society  of  Mechanical  Engineers  and  the 
Institution  of  Mechanical  Engineers  desire  to  express  to  the  City  of  Chicago  and 
its  city  Government  the  sincere  thanks  of  the  joint  meeting  for  their  courtesy, 
extended  by  a  representative  of  the  City  in  the  person  of  its  Comptroller,  in 
addressing  a  welcome  to  the  visitors  at  their  opening  session  on  Tuesday  evening. 
They  would  express  their  pleasure  in  having  brought  to  their  notice  the  recogni- 
tion which  the  Corporations  was  kind  enough  to  express  of  the  debt  which 
Chicago  owes  to  the  engineering  talent  which  has  helped  to  make  the  City  what 
it  is. 

2.  The  American  Society  and  the  Institution  of  Mechanical  Engineers  have 
received  from  the  Illinois  Steel  Company  at  South  Chicago  a  notable  courtesy 
in  the  permission  and  arrangements  for  the  joint  visit  through  the  Illinois  Steel 
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Works  on  Wednesday  afternoon.  The  Mechanical  Engineers  recognize  what 
is  meant  by  a  pennission  of  this  sort  and  the  difficulties  in  handling  so  large  a 
number  through  the  complicated  and  dangerous  departments  of  a  productive 
establishment  of  this  magnitude.  They  ask  that  the  Illinois  Steel  Company  and 
Mr.  W.  A.  Field,  the  General  Superintendent,  and  other  officers  of  the  Company 
will  accept  the  sincere  thanks  of  the  party  for  the  success  attending  the  visit, 
and  for  the  admirable  way  in  which  the  visit  and  entertainment  were  planned. 

3.  The  joint  session  of  the  American  Society  of  Mechanical  Engineers  and 
the  Institution  of  Mechanical  Engineers  have  receievd  from  the  Illinois  Central 
Railway  most  notable  courtesies,  entertainment  aiid  provision  during  their 
Chicago  visit.  They  would  ask  that  that  Company  and  in  particular  Mr.  W.  H.  V. 
Rosing,  Assistant  Superintendent  of  machinery,  will  accept  the  sincere  thanks 
of  the  Engineers  for  their  tender  of  free  transportation  over  their  lines  during 
the  Chicago  Convention,  and  for  the  special  and  admirable  arrangements  whereby 
the  Company  and  its  agents  have  served  the  convenience  of  the  visitors  on  their 
excursions  and  visits  about  the  City. 

4.  The  joint  meeting  of  the  Mechanical  Engineers  of  England  and  America 
ask  that  Marshall  Field  and  Company  will  accept  the  sincere  thanks  of  the  societies 
for  ilie  opportunity  given  to  the  ladies  and  members  to  visit  the  wonderful 
establishment  which  is  known  by  their  name,  and  for  the  courteous  arrangement 
for  the  luncheon  of  the  visitors  on  the  afternoon  of  Thursday  at  that  great  mer- 
cantile establishment.  The  character  of  the  hosts  on  this  occasion  is  a  factor  in 
economic  and  commercial  development  which  all  engineers  are  watching  with 
the  ki^nest  interest  in  its  bearing  upon  the  problem  of  economic  handling  be- 
tween producer  and  consumer. 

5.  The  joint  meeting  in  Chicago  has  been  made  memorable  for  the  Mechanical 
Engineers  by  the  particular  importance  which  has  been  given  at  this  meeting  to 
the  subject  of  the  Steam  Turbine.  The  Engineers,  therefore,  ask  that  the 
Commonwealth  Electric  Company  and  the  Chicago  Edison  Company  w^ill  accept 
the  sincere  thanks  of  the  visitors  for  the  privilege  of  the  visit  to  the  Fisk  Street 
Station  and  the  chance  to  see  the  working  of  a  power  station  of  this  magnitude. 
They  would  couple  this  vote  of  thanks  in  particular  with  the  name  of  Mr.  Louis 
A.  Ferguson,  Second  Vice-President  of  the  Company,  and  with  those  of  Mr. 
Abbott  and  members  of  the  local  committee  who  have  been  instrumental  in 
bringing  about  this  pleasant  result. 

T).  Those  members  of  the  joint  meeting  who  have  taken  occasion  to  visit  the 
St^K-k  Yards  and  the  Packing  House  of  Swift  and  Company,  ask  that  that  Com- 
pany and  Mr.  Edward  S.  Swift  in  particular  and  other  officers  of  their  corporation 
will  accept  sincere  thanks  for  the  invitation  to  visit  tlieir  great  undertaking,  and 
to  study  their  admirable,  humane  and  careful  methods  whidi  have  been  followed 
in  the  prosecution  of  their  business  and  in  the  attainment  of  their  wonderful 
results. 

7.  To  the  Trustees  of  the  Art  Institute  and  to  Mr.  H.N.  Carpenter,  Secretary, 
the  Engineers  beg  to  extend  their  most  sincere  appreciation  for  tlie  distinguished 
courtesy  accorded  by  these  gentlemen,  in  permitting  the  reception  of  Thursday 
evening  to  be  held  in  the  midst  of  the  attractive  collections  of  that  Institute. 
The  relation  between  engineering  and  art  is  a  close  one,  even  if  by  many  its  exist- 
ence is  not  detected.  Art  is  a  child  of  economic  progress  and  wealth.  Engineering 
i.s  the  fojindation  of  real  productive  wealth.  It  has  given  the  Engineers  great 
plea^iire  that  their  reception  should  be  accorded  to  them  in  the  midst  of  such 
congenial  and  appropriate  surroundings. 
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8.  The  Eng;lneers  ask  that  the  Trustees  and  Faculty  of  the  Lewis  Institute 
of  Chicag;o  will  accept  the  sincere  thanks  of  the  joint  meeting  for  the  invitation 
to  hold  its  closing  session  in  the  Hall  of  the  Lewis  Institute.  The  Engineers 
recognize  what  the  profession  owes  to  the  work  of  the  technical  educators  and 
are  glad  to  record  by  this  resolution  their  hearty  sympathy  in  the  work  of  the 
Institute  and  their  recognition  of  the  far-reaching  effect  of  such  education,  both 
in  industry,  in  civilization  and  in  culture.  They  would  express  in  particular 
their  thanks  to  Professor  P.  M.  Chamberlain  for  his  instrumentality  in  bringing 
about  this  pleasant  result,  and  heartily  appreciate  the  courtesy  for  the  enter- 
tainment and  luncheon  which  the  Trustees  have  provided. 

9.  It  is  to  the  Trustees  of  the  Sanitary  District  that  the  Mechanical  Engi- 
neers owe  the  courtesy  of  an  invitation  to  inspect  the  Drainage  Canal,  a  great 
work  in  the  interests  of  Chicago,  which  has  been  prosecuted  under  their  direction. 
The  thanks  of  the  Societies  and  the  Institution  are  also  due  to  the  Atchison, 
Topeka  and  Santa  Fe  Railroad  Company  for  the  courtesy  of  the  special  train 
provided  by  that  Company  through  Mr.  Kendrick,  third  Vice-President  of  the 
Railway  system.  The  visiting  Engineers  ask  also  that  the  Western  Society  of 
Engineers,  by  whose  active  co-operation  this  excursion  has  been  originated,  will 
accept  the  sincere  appreciation  of  the  visitors  for  their  share  in  the  successful 
visit. 

10.  Beginning  with  the  very  first  day  of  the  attendance  of  visitors  and 
continuing  beyond  the  official  end  of  the  meeting  have  been  the  courtesies  of  the 
Illinois  Tunnel  Company.  The  Engineers  desire  to  return  thanks  to  the  Com- 
pany and  to  Mr.  George  AY.  Jackson  in  particular  for  the  courteous  invitation  to 
visit  the  tunnels  and  to  study  under  such  favorable  circimistances  their  possi- 
bilities and  their  working.  The  Mechanical  Engineer  is  entirely  wonted  to  the 
experience  that  some  of  his  most  successful  achievements  are  where  the  eye  of 
the  superficial  observer  knows  nothing  of  their  real  excellence.  That  we  should 
have  had  the  opportunity  to  go  under  ground  and  under  competent  guidance 
study  the  hidden  detail  is  an  experience  for  which  we  desire  to  record  our  thanks' 

11.  It  must  be  known  to  an}^  Mechanical  Engineer  that  the  success  which 
comes  to  an  acceptable  product  of  a  machine  depends  upon  the  skill,  the  fore- 
thought and  the  careful  administrative  attention  of  the  brain  of  the  Engineer 
that^ias  originated  the  machine.  In  the  successful  meeting  of  a  Convention, 
such  as  our  Chicago  meeting  has  proved  itself  to  be,  the  Engineer  behind  the 
product  is  the  local  committee  of  resident  members  in  whose  hands  we  have  been 
but  raw  material,  and  which  have  succeeded  in  turning  out  so  successful  a  finished 
product  as  the  Chicago  meeting.  The  visiting  Engineers  ask  that  Mr.  Robert 
W.  Hunt,  with  a  membership  common  to  both  societies,  who  has  acted  as  chair- 
man of  the  local  committee,  will  accept  for  himself  and  for  his  associates  a  sincere 
recognition  for  his  and  their  share  in  bringing  this  delightful  result  to  pass. 
They  ask  also  that  Mr.  George  M.  Brill,  efficient  and  capable  Chairman  of  the 
Entertainment  and  Excursion  Committee,  who  has  abandoned  liis  home  that  he 
might  be  near  his  responsibilities,  will  allow  him.self  to  be  included  in  our  warm 
expression  of  thanks  and  recognition.  The  meeting  would  not  have  been  the 
success  which  we  have  enjoyed,  had  less  gifted,  interested  or  assiduous  hands 
been  at  the  throttle. 

12.  While  the  ladies  are  important  and  appreciated  factors  as  captains  of 
industry  in  the  control  of  the  individuals  who  pass  resolutions,  it  is  unfortunate 
that  they  do  not  have  a  speaking  voice  in  the  proceedings  of  the  official  part  of 
this  meeting,  and  that  from  "seconds  in  command"  and  not  from  the  captains 
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themselves  must  come  the  voicing  of  the  thanks  which  the  ladies  of  our  party 
must  tender  to  the  efficient  and  delijjjhtful  g;roup  of  ladies  organized  under  the 
local  committee  for  the  pleasure  of  the  visitors.  This  resolution  is  to  give  voice 
to  the  official  thanks  of  the  visiting  ladies  for  the  drive  and  the  luncheon  on 
Wednesdav.  for  the  organization  and  direction  of  the  charming  visit  on  Thursday 
and  for  the  crowning  delight  of  the  drive  on  Friday.  The  ladies  ask  also  that 
Mrs.  Robert  W.  Hunt  will  accept  this  unsatisfactory  effort  of  mere  men  to  ex- 
press for  them  the  thanks  of  the  ladies  for  the  delightful  reception  on  Thursday 
afternoon. 

Tlie  men  and  the  women  leave  for  home  with  delightful  memories  of  new 
friendships  formed,  of  old  friendships  strengthened  and  a  memory  of  a  week 
full  of  pleasure,  satisfaction  and  profit. 

These  resolutions  being  put  by  the  chair  they  were  unani- 
mously adopted. 

At  the  close  of  the  sessions  the  Society  and  its  guests  were 
entertained  by  the  ladies  of  Lewis  Institute  at  a  most  satisfactory 
luncheon  on  the  top  floor  in  the  department  of  the  Institute 
devoted  to  domestic  science,  and  afterwards  took  a  train  on  the 
Atchison,  Topeka  and  Santa  Ee  Railroad  for  th-e  controlling 
works  of  the  drainage  canal. 

On  the  way  the  party  visited  the  distributing  yards  of  the  rail- 
WSLY  companies.  The  party  were  escorted  by  float  a  short  dis- 
tance on  the  canal  itself,  and  after  visiting  the  work  of  the  con- 
trolling outflow,  re-embarked  on  the  train  and  returned  to  Chi- 
cago. 

In  the  evening,  the  Society  and  its  guests  were  again  enter- 
tained by  the  Local  Committee,  the  entertainment  taking  the  most 
attractive  form  of  an  orchestral  concert  in  the  Auditorium  Thea- 
tre by  the  Thomas  Orchestra  of  Chicago. 

This  concert  was  made  noteworthy  by  its  ending.  A  precentor 
came  forward  on  the  stage,  and  led  the  audience  in  two  verses 
each  of  the  American  national  hymn,  "  My  Country  'Tis  of  Thee,'' 
and  the  English  form  of  the  same  air,  "  God  Save  the  King.'' 

With  this  incident  the  meeting  oflicially  closed. 

The  next  meeting  of  the  Society  will  be  its  regular  annual 
mcf'ting,  to  be  expected  in  the  city  of  New  York  the  first  week 
in  December. 
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APPENDIX. 
CAENEGIE   GIFT   TO   EKGINEEEING. 

THIRD  CIRCULAR. 

In  former  circulars  the  members  of  the  Society  have  been  ad-^ 
vised  that  at  the  Saratoga  Meeting  in  June,  1903,  there  was  re- 
ported in  official  form  the  proposed  gift  to  engineering  by  Mr. 
Andrew  Carnegie,  a  member  of  the  Society,  and  that  at  the  Xew 
York  Meeting  in  December,  1903,  a  supplementary  report  was 
made  of  the  work  of  the  Society's  Committee  up  to  the  beginning 
of  that  year.  The  first  report  mil  be  found  on  page  870  of 
Volume  XXIY.,  as  paper  Xo.  976,  and  the  second  on  page  34  of 
Volume  XXV.,  as  Xo.  1008. 

At  the  Chicago  Meeting  in  May,  1904,  a  further  report  of 
progress  was  presented  for  the  information  of  the  members  as 
a  feature  of  the  business  session  of  that  meeting.  The  report  was 
presented  by  the  Secretary  of  the  Society,  who  is  one  of  the 
representatives  of  the  Society  on  the  Committee,  and  was  as 
follows : 

It  will  be  recalled  by  those  who  have  followed  the  history  of 
the  undertaking  that  in  February,  190"3,  Mr.  Andrew  Carnegie 
made  his  first  offer  of  a  million  dollars  in'  order  that  the  four 
national  engineering  societies  might  be  housed  in  a  proper  build- 
ing, which  should  give  necessary  accommodation  for  the  executive 
offices  of  the  engineering  societies,  and  should  contain  auditoriums 
for  meetings  and  give  adequate  space  for  the  libraries  of  the 
societies,  the  plan  also  to  include  accommodations  under  a  separate 
roof,  but  as  a  part  of  the  general  scheme,  for  the  Engineers' 
Club,  which  is  the  social  organization  having  no  necessarily  pro- 
fessional outlook. 

The  action  which  was  taken  on  the  receipt  of  ^Ir.  Carnegie's 
proposition  was  to  appoint  a  Conference  Committee,  consisting 
of  three  members  from  each  of  the  four  national  societies  and 
from  the   Engineers'   Club.      This   Conference   Committee   held 


438  APPENDIX. 

frequent  meetiup^s  for  the  consideration  of  its  problem,  and  dis- 
charged its  duties  under  a  provisional  organization  until  March, 
3  004,  when  by  the  letter-ballot  of  the  American  Society  of  Civil 
Engineers — for  reasons  satisfactory  to  themselves — it  was  de- 
cided by  that  body  that  they  would  not  partake  in  the  benefit  of 
Mr.  Carnegie's  gift. 

The  Conference  Committee  was  then  at  once  faced  with  the 
problem:  Would  the  donor  give  his  proposed  gift  to  the  three 
engineering  societies  and  the  Engineers'  Club,  and  would  the 
three  societies  be  able  to  make  themselves  responsible  for  the 
maintenance  and  conduct  of  the  building,  or  would  the  problem 
become  greater  than  these  three  bodies  could  cope  with? 

The  matter  was  immediately  laid  before  the  Councils  of  the 
three  societies  and  on  careful  consideration  of  the  resources  of 
each  body,  the  three  organizations,  the  American  Society  of 
Mechanical  Engineers,  the  American  Institute  of  Electrical  En- 
gineers, and  the  American  Institute  of  Mining  Engineers,  decided 
that  it  would  be  within  their  power  to  resume  this  responsibility. 

Careful  estimates  of  the  cost  of  operating  the  building  were 
prepared,  and  by  special  meetings  the  decision  was  reached  that 
each  society  was  prepared  to  go  forward  in  co-operation  with  the 
other  two.  When  this  action  was  communicated  to  Mr.  Carnegie, 
with  characteristic  promptness  of  decision,  he  at  once  wrote  an- 
other deed  of  gift,  stating  his  willingness  to  present  to  the  three 
societies  and  the  Engineers'  Club  a  building  which  should  cost 
a  million  and  a  half  dollars,  in  recognition  of  the  larger  scope  of 
the  proposition  as  submitted  to  him  by  the  three  societies. 

It  is  the  purpose  of  the  Trustees  that  this  building  should 
provide  for  all  organizations  Avhich  have  engineering  as  their 
basis  in  the  matter  of  suitable  auditoriums,  executive  offices,  and 
most  of  all,  for  their  libraries. 

^^r.  Carnegie's  letter  of  gift  has,  therefore,  constituted  the  rep- 
resentatives of  the  three  engineering  societies  and  the  Engineers' 
Club,  an  organized  committee  of  twelve,  who  for  the  moment  are 
to  administer  what  has  been  called  the  "  Carnegie  Trust  for  En- 
gineering." This  committee  of  twelve  has  the  responsibility  for 
the  exfienditure  re(iuir(Ml  <for  adecpiate  buildings.  While  the  gift 
is  as  one,  there  are  in  reality  two  buildings.  The  three  societies 
are  to  occupy  a  frontage  of  125  square  feet  on  the  north  side  of 
Thirty-ninth  Street  in  New  York  City,  with  a  depth  of  100  feet. 
The  Engineers'  Club  is  to  occupy  a  site  50  feet  wide  by  100  feet 
on  the  south  side  of  the  Fortieth  Street  frontal  of  the  same  city 
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block.  The  buildings  do  not  quite  come  to  each  other  in  the  rela- 
tion of  the  upright  and  the  arm  of  a  capital  letter  "  T,"  because  the 
Engineers'  Club  stands  nearer  one  end  than  the  other  of  the  long 
frontage  of  the  Engineering  Building. 

The  Conference  Committee,  in  its  capacity  as  Trustees,  at  once 
made  arrangements  to  have  the  design  of  the  building  competed 
for  and  the  architects  selected  by  the  competitive  method. 

A  programme  of  competition  was  prepared  with  some  elaborate- 
ness, deciding  a  number  of  questions  in  advance  in  order  thai 
the  competition  might  be  on  the  common  basis.  Among  these 
questions  were,  first,  that  the  auditorium  which  is  a  central  feature 
of  such  a  proposed  engineering  building  should  have  such  a  capa- 
city that  the  best  voice  of  an  author  or  speaker  could  be  distinctly 
heard  in  every  part  of  it.  This  brought  to  the  front  at  once  an 
interesting  question  as  to  the  floor  space  and  height  within  which 
an  untrained  speaker  taking  part  in  the  meetings  could  be  heard 
and  understood.  It  was  plainly  absurd  to  make  the  auditorium 
so  large  that  discussions  were  a  mere  dumb  show  of  moving  lip 
and  gesture.  It  seemed  on  conference  with  theatrical  people, 
ministers,  architects,  and  public  speakers,  that  such  ordinary 
speaker  could  be  heard  if  the  audience  did  not  exceed  one  thou- 
sand persons  on  the  floor,  with  a  possible  additional  five  hundred 
seated  in  a  commodious  gallery. 

The  committee  would  be  very  glad  to  receive  additional  light 
on  fliis  question  from  any  members  who  may  have  experience  to 
offer. 

There  are  also  to  be  smaller  auditoriums  having  a  capacity  of 
two  hundred  and  fifty  persons  and  downward,  so  that  smaller 
meetings  shall  not  be  lost  in  a  large  auditorium,  and  so  that  meet- 
inirs  of  different  societies  of  different  sizes  can  be  held  at  the  same 
time.  Such  smaller  auditoriums  will  also  be  cosy  for  monthly 
reunions. 

The  auditorium  must,  necessarily,  by  ordinance  of  the  Building 
Department  of  I^ew  York  City  and  as  a  matter  of  common  sense, 
be  located  near  the  level  of  the  street. 

Above  the  auditoriums  will  be  the  office  floors,  one  for  each  of 
the  societies,  giving  accommodation  for  its  reception  rooms,  offices 
for  secretary,  accountants,  stenographers,  and  similar  adminis- 
trative departments,  and  the  meeting  room  for  councils  and  com- 
mittees. 

At  the  most  liberal  calculations  for  the  present  needs  of  the 
societies,  a  floor  area  of  5,000  square  feet  would  seem  to  be  ample. 
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Each  lloor  Avill  furnish  over  one-and-a-half  times  this  space,  so  as 
to  leave  i-ooni  for  growth  and  future  needs.  It  has  been  quite 
interesting  to  note  that  the  three  societies,  calculating  indepen- 
dently, ask  the  conmiittee  for  practically  the  same  amount  of 
floor  space. 

Above  the  three  floors  allotted  to  the  founders'  societies  can  be 
certain  additional  floors,  if  the  funds  available  shall  make  this 
jxissible,  which  shall  be  assigned  to  the  use  of  the  other  engineer- 
ing organizations  Avhich  Avill  naturally  be  the  beneficiaries  of  llr. 
Carnegie's  gift.  Such  bodies  are  the  Electro-Chemical  Society^ 
American  Gas  Light  Association,  Electric  Light  Association,  and 
others.  These  accommodations  will  not  be  rented,  but  will  be 
furnished  to  the  users  on  a  basis  of  a  pro  rata  of  operating  ex- 
penses. It  is  plainly  unfitting  that  there  should  be  any  profit- 
making  in  the  conduct  of  the  enterprise  from  a  commercial  point 
of  view. 

On  the  top  floor  or  floors,  which  will  probably  be  about  th(> 
twelfth  floor  from  the  street,  will  be  located  the  consolidated 
libraries  and  the  reference  and  reading  rooms. 

It  is  an  interesting  fact  that  when  the  three  societies  met  to- 
gether by  appointed  meetings  to  consider  the  library  problem  in 
an  engineering  building  of  this  character,  it  was  at  once  the  sense 
of  these  representatives  of  the  three  societies  in  their  conferences, 
that  there  was  before  them  the  opportunity  of  a  lifetime  to  create 
a  great  engineering  library,  with  the  strength  and  interest  and  the 
knowledge  and  personnel  of  tlie  three  societies  behind  it.  The 
representatives  of  the  ISTew  York  Public  Library,  which  will  be 
located  in  a  building  just  across  the  street,  were  called  in  at  this 
conference,  and  their  advice  asked  on  the  possibilities  of  a  scheme 
of  federation,  whereby  the  Xew  York  Public  Library  and  the 
Engineering  Library  could  be  mutually  serviceable. 

By  locating  the  reading-room  on  the  top  floor  it  will  not  only  be 
more  (piiet,  but  it  will  Ixt  in  the;  better  air,  above  the  fly-line,  and 
it  will  obtain  light  from  the  roof. 

The  (Jommittee  feel  emphatically  that  this  should  be  a  work- 
ing library,  in  which  Avorkers  and  students  should  be  able  to  have 
access  to  the  shelves  and  the  books  themselves. 

To  secure  this  greater  develoj)ment  of  th(!  libi'ary  idea  will  make 
a  demand  uprin  the  so^;ieties  themselves,  but  it  is  the  belief  of  the 
Committee  that  the  societies  will  be  glad  to  enlist  increasing 
energy'  and  effort  in  return  for  what  the  library  development  will 
bring. 


APPENDIX.  441 

If  the  plans  of  the  Committee  are  realized  the  library  of  this 
building  vnll  be  The  Engineering  Library  of  the  Atlantic  Sea- 
board. 

In  carrying  out  the  plans  of  the  competition,  the  Committee 
have  secured  Professor  AVilliam  R.  Ware  as  Professional  Adviser 
on  architectural  questions.  He  is  perhaps  of  all  American  archi- 
tects one  who  has  had  the  widest  experience  in  judging  competi- 
tions of  the  character  which  the  Committee  has  had  in  mind. 

With  the  advice  of  Professor  Ware,  and  what  could  be  gotten 
from  other  sources,  the  printed  Programme  of  Competition  in 
pamphlet  form  was  issued  on  the  5th  of  May. 

In  view  of  advice  given  us  from  many  sources  it  seemed  plain 
that  six  weeks  was  a  long  enough  time  to  allow  architects  for  the 
consideration  of  their  preliminary  plans.  In  this  view,  counting 
forward  from  the  5th  of  May,  the  competition  was  announced 
closed  on  June  20th. 

The  competition  is  of  the  character  which  is  known  techni- 
cally among  architects  as  ^^  a  mixed  competition,"  in  that  six 
firms  have  been  invited  to  compete,  and  will  be  compensated, 
whether  successful  or  not  by  a  fee  of  $1,000.  Besides  this  the 
competition  is  open  to  any  architect  in  good  professional  standing, 
who  has  been  in  practice  under  his  own  name  for  over  two  years, 
to  send  in  competitive  drawings,  and  he  will  receive  consideration 
exactly  the  same  as  the  salaried  or  invited  firms.  All  are  com- 
pelled to  compete  under  an  absolute  incognito.  Four  prizes  of 
$400  each  will  be  the  award  to  the  four  most  successful  plans 
in  the  "  open  class.'' 

Of  course,  the  competition  means  nothing  for  the  present  but 
the  selection  of  the  architect,  who  will  prepare  the  plans  finally 
approved  by  the  Committee.  It  does  not  mean  in  any  sense  that 
the  plan  of  the  successful  architect  is  to  be  the  plan  approved  by 
the  Committee  in  final  form.  The  Committee  reserves  the  right 
to  change  and  modify  and  remake  the  drawings  of  the  successful 
competitor  until  its  own  ideals  shall  be  realized. 

It  may  be  of  interest  to  state  that  seventy-five  applications  have 
been  received,  and  while  we  know  that  some  of  these  writers  do 
not  intend  to  compete,  but  simply  ask  to  recieve  the  competition 
because  it  was  a  cleverly  prepared  document,  yet  the  Committee 
feels  sure  that  there  vdW  be  a  sufiicient  number  of  competitors  to 
make  an  interesting  variety  when  the  Committee  comes  to  decide. 
Xothing  can  be  done  in  the  Avay  of  actual  construction  until  after 
the  first  of  Julv  of  the  current  year,  since  the  site  of  both  build- 
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ing's  is  now  occupiedby  residences,  the  leases  on  which  will  only 
expire  on  that  day. 

The  buildings  must  be  removed  and  the  work  of  final  settling 
on  details  of  plans  must  follow  before  the  actual  construction 
can  be  begun. 

The  Committee  has  also  had  under  consideration  the  problem  of 
conducting  the  building  after  it  should  be  completed  and  the 
construction  problems  have  been  solved.  The  present  Committee 
are  the  Building  Committee,  and  their  functions  will  end  with 
the  completion  of  the  building. 

This  has  been  met  by  appointing  a  Committee  on  Organization, 
through  whom  a  charter  has  been  secured  from  the  State  of  I^ew 
York,  and  signed  by  the  Governor,  May  11th,  1904. 

The  general  scheme  of  organization  provides  for  the  election  of 
trustees  by  the  three  societies,  who  enter  the  undertaking  as 
founders,  under  the  deed  of  gift. 

The  Engineers'  Club  mil  manage  its  building  independently 
as  soon  as  construction  is  completed. 

These  trustees  are  to  be  elected  by  the  Councils  of  the  individ- 
ual societies,  and  will  be  three  in  number  from  each  body,  the  term 
of  one  expiring  each  year.  These  trustees  will  have  the  respon- 
sibility of  financing  and  managing  the  administrative  detail  of 
the  building  as  a  whole  for  the  benefit  of  the  founders'  societies 
themselves,  and  the  other  engineering  societies  who  will  be  par- 
ticipants in  the  privileges  of  the  building. 

The  by-laws  of  the  body  provided  by  the  charter  will  have  to 
be  very  carefully  prepared  with  advice  of  counsel,  to  provide  for 
many  questions  in  advance  which  are  incident  to  the  creation  of 
a  trust  of  this  character. 

The  Committee  proposes  to  proceed  slowly  with  the  considera- 
tion of  these  questions  of  organization,  but  hope  that  before  the 
annual  meeting  they  will  be  provided  with  a  full  and  carefidly 
tliought-out  scheme  which  will  be  reported  to  the  Society  at  that 
time. 

F.  R.  IIu'rroN,  Secretary. 
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THE  USB  OF  SUPERHEATED  STEAM  AXD  OF  RE- 
HEATERS  ly  COMPOUND  ENGINES  OF  LARGE 
SIZE. 

BT   LIONEL    P.    MARKS,     CAMBRIDGE,    MASS. 

(Associate  Member  of  tlie  Society.) 

1.  The  object  of  this  paper  is  to  collect  and  present  to  the 
Society  the  resnlts  of  a  number  of  unpublished  tests  made  during 
the  past  five  years  on  several  high-speed,  two-cylinder  compound 
engines,  all  built  by  the  same  makers,  and  all  of  the  same  type. 
The  en2:ines  tested  differ  from  one  another  onlv  in  size,  in  cvlinder 
proportions,  and  in  their  working  conditions.  The  investiga- 
tions were  made  to  determine  the  performance  of  the  engines 
under  different  loads,  both  with  and  ^\dthout  jacketing  and  reheat- 
ing. A  comparison  of  the  results  for  the  different  tests  throws 
some  light  upon  the  influence  on  the  thermal  efficiency  of  large 
sized  four-valve  comj)ound  engines  of  the  f ollo^\dng  factors : 

(a)  The  use  of  a  reheater. 

(h)  The  use  of  moderately  superheated  admission  steam. 

(c)  The  load. 

{d)  The  size  of  the  engine. 

(e)  The  cylinder  proportions. 

2.  The  results  recorded  here  are  for  tests  made  on  nine  separate 
engines  and  for  twenty-eight  different  tests.  The  engines  are 
parts  of  three  electric  lighting  plants  situated  in  or  near  Boston. 

Engine  A  is  at  the  L  Street  station,  South  Boston,  of  the 
Edison  Electric  Illuminating  Company — a  plant  which  at  the 
time  of  the  test  was  the  property  of  the  Boston  Electric  Light 
Company.     The  tests  at  this  station  were  conducted  by  the  writer. 

Engines  B,  C,  D,  E  &  F  £[ve  at  the  Atlantic  Avenue  station 
of  the  Edison  Electric  Illuminating  Co.,  and  they  were  tested 

*  Presented  at  the  Chicago  meeting-,  May  and  June,  1904,  of  the  American 
Society  of  Mechanical  Engineers,  and  forming  part  of  Volume  XXV.  of  the 
Transactions. 
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under  the  joint  supervision  of  an  employe  of  the  company  and 
a  representative  of  the  engine  builders.  .Messrs.  C.  H.  Parker 
and  H.  Cook,  both  members  of  this  Society,  were  in  charge  of 
most  of  the  tests,  but  in  some  tests  their  places  were  taken  by 
Messrs.  C.  R.  Brown  and  S.  G.  Colt  respectively. 

Engines  Gy  H  &  K  are  at  the  new  plant  of  the  Cambridge 
Electric  Light  Company,  and  were  tested  by  the  writer. 

Description  of  the  Engines. 

3.  The  engines  tested  vary  from  750  to  2,500  rated  horse 
power,  and  were  all  built  by  Mcintosh,  Seymour  &  Co.,  of 
Auburn,  N".  Y.  They  are  all  vertical,  high-speed,  two-cylinder, 
cross-compound,  direct-connected  units  with  overhanging  cranks. 
Each  cylinder  is  supported  on  a  heavy,  hollow,  cast-iron  frame 
at  the  back  and  on  two  inclined  steel  standards  in  front.  Each 
II.  P.  cylinders  is  jacketed  on  the  barrel,  and  both  heads  and  the 
jackets  are  piped  in  series ;  the  steam  enters  the  jacket  on  the  top 
head,  passes  into  the  barrel  jacket,  goes  to  the  jacket  on  the  lower 
head  and  then  to  the  reheater  coils.  In  this  way  a  very  active 
circulation  in  the  jackets  is  ensured.  As  there  is  no  separate 
steam  supply  to  the  reheater  coils,  nor  any  separate  drain  from 
the  H.  P.  jackets,  it  is  not  possible  to  use  either  jackets  or 
reheater  alone.  The  receiver  is  a  large  cylindrical  drum  at  the 
back  of  the  engine  and  close  to  the  cylinders.  The  reheater 
consists  of  one  or  more  coils  of  pipe  in  the  receiver.  The  L.  P. 
cylinder  is  unjacketed. 

4.  The  valves  are  of  the  fiat,  gridiron  type,  unbalanced  and 
of  short  stroke.  The  steam  valves  on  both  H.  P.  and  L.  P. 
cylinders  consist  of  a  main  valve  cutting  off  at  about  .8  stroke, 
and  a  Rider  cut-off  valve,  the  movement  of  which  can  be  varied 
so  as  to  give  any  desired  cut-off.  The  main  steam  valves  and  the 
exhaust  valves  on  each  cylinder  are  driven  from  an  eccentric  on 
the  main  shaft  through  a  system  of  links  and  levers.  The  cut-off 
valves  are  driven  by  auxiliary  eccentrics  which  are  controlled  by 
a  fly-wheel  governor.  The  action  of  the  valves  is  rapid;  the 
openings  for  admission  and  exhaust  of  steam  are  large. 

The  fly-wheel  governors  are  designed  to  control  the  speed 
within  two  per  cent,  variation  between  zero  load  and  full  load. 
At  the  Cambridge  electric  light  station  the  position  of  the  gov- 
ernor weights  can  be  regulated  when  the  engine  is  running  by 
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means  of  a  small  electric  motor  fastened  to  the  fly  wheel  and 
controlled  from  the  smtch-board.  This  device  is  valuable  for 
synchronising  in  parallel  running. 

The  Arrangements  for  Testing, 

5.  All  the  engines,  with  one  exception  to  be  noted  later,  are 
fitted  with  jet  condensers  so  that  their  steam  consumptions  had 
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Fig.  117a.— Sectional  Plan  of  60  '  x  56  '  L.  P.  Cylinder  Showing  Admission 

AND  Exhaust  Valves. 


to  be  determined  by  measuring  the  boiler  feed.  This  neces- 
sitated the  adoption  of  adequate  precautions  to  prevent  leakage 
from  the  feed  mains,  from  the  boilers  and  from  the  steam  pipes. 
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The  steam  was  obtained  in  every  case  from  Babcock  &  Wilcox 
boilers,  fed  from  a  pump  which  handled  only  the-  water  going 
to  the  test  boilers.  These  boilers  supplied  steam  only  to  the 
engine  under  test;  they  were  examined  for  general  tightness; 


Fig.  117b.— Side  Elkvation  of  60"  x  56'    U  P. 
Cylinder  Showing  Valve  Gear. 


were  shut  off  from  the  Holly  return  systems  and  had  their 
blow-ofFs  blanked.  The  steam  on  its  way  to  the  engine 
under  test  went  first  to  a  section  of  the  main  steam  header, 
which  was  isolated  by  gate  valves  from  the  rest  of  the  header. 
These  gate  valves  were  tested  for  tightness  with  full  steam  press- 
ure on  one  side  and  atmospheric  pressure  on  the  other,  and  were 
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found  practically  tight  in  all  cases.  In  order,  however,  to  pre- 
vent even  slight  leakage  the  steam  pressures  were  kept  the  same 
on  both  sides  of  the  valves  during  the  tests.  In  most  of  the 
tests  the  steam  supply  to  the  engines  was  superheated  so  that  the 
steam  pipe  drips  could  be  closed;  in  the  cases  w^here  wet  steam 
was  supplied  the  condensation  in  the  pipes  was  returned  by 
gravity  to  the  test  boilers. 

6.  The  total  leakage  from  the  boilers  and  steam  pipes  was 
determined  by  leakage  tests  after  nearly  every  run.  To  make 
the  leakage  test,  the  fires  were  allowed  to  burn  down  at  the  end 
of  the  run  and  were  kept  in  such  condition  as  just  to  be  able  to 
maintain  the  steam  at  the  test  pressure  when  the  supply  to  the 
engine  was  shut  off  completely.  The  observation  of  the  rate  of 
lowering  of  the  water  level  in  the  boilers  under  these  conditions 
gave  the  necessary  information  for  determining  the  rate  of  leak- 
age loss  from  the  boilers  and  steam  pipe. 

7.  The  feed  heaters  were  all  tested  and  found  to  be  tight. 
The  reheater  coils  were  also  found  to  be  tight  except  in  one 
engine  and  in  that  case  the  only  run  made  was  without  the 
reheater  in  use. 

8.  The  weight  of  steam  condensed  in  the  jackets  and  reheater, 
when  these  were  in  use,  was  determined  by  collecting  the  con- 
densed steam  in  a  vessel  of  known  capacity  provided  with  a 
gauge  glass.  The  drainage  from  the  receiver  was  determined  in 
a  similar  way.  The  arrangement  of  jackets  and  reheater  pre- 
vented the  separate  determination  of  the  amounts  of  condensa- 
tion occurring  in  each. 

9.  The  diameters  of  all  the  cylinders  were  gauged  when  hot. 
The  clearances  were  not  measured  directly ;  the  values  used  for 
the  calculations  were  given  by  the  engine  builders  and  were 
determined  by  them  from  the  working  dra\\dngs. 

10.  The  weigiiing  scales  were  examined  by  the  local  sealer  of 
weights,  and  their  accuracy  in  the  writer's  tests  was  ensured  by 
further  proving  T\dth  special  test  weights.  All  gauges,  ther- 
mometers and  indicators  w^ere  calibrated.  The  indicators  used 
in  the  tests  of  engine  A  were  calibrated  under  steam  pressure  by 
comparison  with  a  mercury  column  at  the  Crosby  Steam  Gage 
Company's  works,  and  later  were  tested  at  the  Engineering  Lab- 
oratory of  Harvard  University  under  steam  pressure  by  compar- 
ison with  known  rotating  w^eights.  The  results  of  these  two  cal- 
ibrations are  given  below. 
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Number  of 
Instrument. 

Nominal 
Scale  of  Spring. 

Actual.  Scale  of  Spuing. 

Maker's  Name. 

By  Meirur}' 
Column. 

By  Rotating 
Weights. 

Tabor    

783 
1926 
4908 
4909 

100 

100 

20 

20 

98.9 
99.7 
19.48 
19.5 

98  3 

Tabor 

99.4 

Crosby 

19  4 

Crosby 

19 .  57 

11.  The  load  on  the  engine  was  entirely  electrical,  and  con- 
sisted of  part  of  the  station  load  supplemented  when  necessary 
by  an  adjustable  water  rheostat  load.  There  was  no  difficulty 
in  any  of  the  tests  in  keeping  the  total  load  constant. 


Tests  of  Engine  A. 

12.  In  June,  1899,  the  W'riter,  assisted  by  students  in  engi- 
neering of  Harvard  University,  made  the  acceptance  test  of  the 
engines  then  installed  at  the  L  Street  station  of  the  Boston 
Electric  Light  Company.  A  description  of  the  plant  may  be 
found  in  the  "  Electrical  World  and  Engineer,"  for  May  27,  1899. 
Of  the  three  similar  units  then  installed,  engine  A  (nmnber  1  of 
the  plant)  was  selected  for  test  because  it  had  been  running 
longer  than  the  others. 

13.  This  engine  is  rated  to  develop  2,400  indicated  horse- 
power at  .23  cut-off,  4,128  indicated  horse-power  at  .6  cut-off 
and  has  a  maximum  cut-off  at  .8  stroke.  Its  piston  speed  is  960 
feet  per  minute;  its  cylinder  dimensions  28  inches  and  58  inches 
by  48  inches.  It  is  direct  connected  to  a  1,500  kilowatt,  three- 
phase  General  Electric  generator  delivering  current  at  2,250  volts. 
The  fly  w^heel  is  16  feet  diameter  and  w^eighs  100,000  pounds. 
The  main  shaft  is  26  inches  diameter;  the  bearings  21  inches 
by  42  inches.  The  steam  pipe  is  10  inches,  the  exhaust  24  inches 
diameter.  The  ratio  of  low  pressure  to  high  pressure  piston  dis- 
placements is  4.3  to  1.  The  reheater  coil  has  777  square  feet  of 
heating  surface,  but  the  steam  supply  to  it  was  too  small. 

14.  The  engine  was  apparently  in  first  class  condition;  the 
valves  and  pistons  w^ere  tight  when  at  rest.  The  steam  Avas  ob- 
tained from  two  550  H.  P.  boilers,  which  supplied  saturated  steam 
to  the  engine.  The  amount  of  feed  water  was  determined  by 
direct  weighing. 

15.  Two  full  load  tests  were  made:  one  with  the  jackets  and 
30 
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reheater  in  use,  the  other  with  both  out  of  use.     The  principal 
results  of  the  4est  are  given  in  Table  I.     The  combined  indi- 


TABLE    I. 
General  Results  of  Tests  on  Engine  A. 


3 
4 
5 
6 

7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
2t] 
27 
28 
29 
30 
31 
38 
33 
34 
35 
36 
37 
38 
39 
40 


Nnmber  of  test 

Nominal  load 

With  or  without  jackets  and  reheaters 

Duration  of  test,  hours 

n.  P.  cylinder  diameter,  inches 

L.  P.         "  "  " 

Piston  rod  diameter,  inche;* 

Clearance  H.  P.  cylinder,  per  cent 

L.  P.        "  "         

Ratio  L.  P.  to  H.  P.  displacement 

Revoluiions  per  minute 

Gauge  pressure  at  throttle 

Steaiu  qaulity  at  throttle,  per  cent 

Initial  steam  pressure  in  H.  P.  cylinder,  by  cards 

Steam  pressure  in  receiver,  gauge 

Superheat  of  steam  entering  L.  p.  cylinder,  Fahr 

Effective  vacuum  in  L.  P.  cylinder,  by  cards,  inches 

Vacuum  in  exhaust  pipe,  inches 

Temperature  of  exhaust  steam,  Fahr 

Commercial  cut-off  H.  P.  cylinder,  head  end 

"  "  "  "         crank  end 

"  "      L.  P.  "        headend 

"  "         "  "        crank  end 

I.  H.  P.,  H.  P.  cylinder 

LP.        "        

Total  I.  H.  P 

Percentage  power  developed  by  H.  P.  cylinder 

Total  dry  steam  per  I.  K.  P.  per  liour,  pounds 

Wet  steam  in  jackets  and  reheater  ])er  I.  H.  P.  per  hour 

Percentage  of  total  steam  used  in  j.ickets  and  reheater 

Percentage  of  cylinder  steam  drained  from  receivt  r 

Quality  at  cut  ofT,  H.  P.  cylinder 

(Quality  at  release,  H.  P.  cylinder 

(Quality  at  cut  off,  L.  P.  cylinder 

Suality  at  release,  L.  P.  cylinder 
.  T.  U.  i)er  I.H.P.  per  minute,  measured  above  ideal  feed  temperature 

Thermodynamic  efficiency,  per  cent 

H.  T.  U.  per  I.  H.  P.  per  minute,  for  Rankine  ideal  cycle 

Thermodynamic  efficiency  compared  with  id'-al  cycle,  per  cent  

Percentage  saving  by  jacketing  and  reheating 


1 

o 

Full 

Full 

With 

Without 

10 

5 

28.14 

28.14 

58.12 

58.12 

5.5 

5.5 

3.6 

3.6 

6.35 

6.35 

4.3 

4.3 

118.46 

118.46 

159 

161 

99.46 

99.5 

156 

155 

21 

20 

35.5 

0 

24.05 

23.05 

25.0 

24.5 

127 

132 

.29 

.295 

.30 

.305 

.29 

.32 

.31 

.3:;5 

859 

961.1 

1,135 

1,022.6 

1,994 

1.983.7 

43 

48.5 

13.59 

13.68 

.92 

0 

6.8 

0 

1.6 

6.0 

82 

76 

86 

80 

92.5 

87 

95.5 

93 

24") 

248 

17.3 

17.1 

KiO 

161 

65.4 

65 

1.3 

cator  cards  for  the  two  tests  are  given  in  Figs.  119  and  120.  A  com- 
parison of  the  two  tests  shows  the  conditions  to  have  been  very 
similar  during  the  two  runs  with  some  advantage  in  the  matter 
of  vacuum  for  the  first  test.  The  reheater  was  not  very  effective 
owing  to  the  deficient  steam  supply — it  superheated  the  receiver 
steam  35  degrees  Fahr. 

16.  The  economic  results  as  indicated  by  the  steam  consump- 
tions in  line  28  show  practically  no  saving  at  all  by  the  use  of 
the  high  pressure  jackets  and  the  reheater.  The  steam  con- 
sumption, however,  is  not  a  fair  quantity  by  which  to  judge  the 
performance  of  the  engine,  since  in  Test  1  about  7  per  cent,  of 
the  total  steam  is  rejected  as  condensation  at  about  the  boiler 
temperature,  whereas  in  Test  2  all  is  rejected  at  the  condenser 
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temperature.  Since,  in  these  tests,  engine  performances  alone 
are  being  studied,  and  the  efficiencies  of  the  feed  heaters  are  not 
considered  at  all,  the  performance  of  the  engine  is  best  measured 
by  the  amount  of  heat  that  must  be  given  to  the  feed  water  per 
I.  H.  P.  per  minute,  the  feed  being  supplied  at  what  may  be 
known  as  the  ideal  feed  temperature.     The  ideal  feed  temper- 


20  40 

Volumes  Cu.Ft. 

Marke,  L.S. 


120  140  ^  160 

Am.Baiik  Xote  Co.,.Y.  I'. 


Fig.  119. 


ature  is  obtained  by  mixing  the  condensations  in  the  reheater 
and  receiver,  each  at  its  own  proper  temperature,  with  the  con- 
densation water  in  the  condenser  supposed  to  be  at  the  exhaust 
pipe  temperature.  The  heat  units  per  I.  H.  P.,  measured  above 
the  ideal  feed  temperature,  necessary  to  form  steam  such  as 
exists  at  the  throttle,  is  an  accurate  measure  of  the  performance 
of  the  engine,  and  it  is  this  quantity  which  is  given  in  line  36, 
and  from  which  the  calculation  in  line  40  of  the  saving  by  jacket- 
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ing  and  reheating  has  been  made.  An  examination  of  the  com- 
bined cards  in  Figs.  119  and  120,  or  lines  32  and  33  of  Table  1, 
show  that  the  II.  1\  jackets  have  been  moderately  effective,  raising 
the  quality  of  the  steam  in  the  H.  P.  cylinder  6  per  cent, 
throughout  the  expansion.  The  small  total  gain  by  both  jackets 
and  reheater  indicate  then  that  the  reheater  is  of  small  value, 


Engine  A.  -  Test  2. 
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or  may  even  be  a  source  of    loss  when  it  superheats    only  35 
degrees. 


Tests  of  Engine  B. 

IT.  The  engines  2?,  C,  7),  E  and  F  are  all  part  of  the  Atlantic 
Avenue  ]>lant  of  the  Edison  Electric  Illuminating  Company,  the 
station  numbers  of  these  engines  being  7,  8,  9,  10  and  11  respec- 
tively.    This  plant  has  been  described  in  the  "  Electrical  World 
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and  Engineer/'  of  May  18,  1901,  and*  also  in  the  paper  by  Messrs. 
Moultrop  &  Curtis,  piiblished  in  Volume  XXIII.  of  the  Trans- 
actions of  this  Society.  The  engines  (7,  D,  E  and  F  are  all  of 
the  same  size  and  are  rated  at  about  2,400  indicated  horse  power. 
Engine  B  develops  only  about  one -half  the  power  of  the  other 
engines;  it  is  also  the  only  one  of  these  engines  fitted  with  a 
surface  condenser. 

18.  Owing  to  the  comparatively  short  duration  of  test  neces- 
sary when  the  steam  consumption  of  an  engine  is  measured  by 
weighing  the  discharge  from  a  surface  condenser,  it  was  practic- 
able to  carry  out  a  much  more  complete  series  of  tests  with 
this  engine  thqn  with  any  of  the  others.  The  engine  B  is  much 
more  distant  from  the  boilers  than  the  other  engines  tested,  and 
in  consequence  the  superheat  at  the  throttle  is  very  low,  and  drop 
of  pressure  in  the  steam  pipe  is  considerable. 

19.  The  engine  is  intended  to  run  at  100  revolutions  per 
minute  and  to  develop  1,200  indicated  horse-power  at  .22  cut-off 
with  160  pounds  steam  pressure  and  26  inches  vacuum.  At  .6 
cut-off  it  develops  2,200  indicated  horse-power.  The  cylinder 
dimensions  are  23  inches  and  48  inches  by  48  inches,  and  the  en- 
gine drives  an  800  kilowatt  General  Electric  direct-current  gener- 
ator. The  reheater  consists  of  coils  of  brass  pipe  aggregating  440 
square  feet  total  heating  surface.  The  high  pressure  clearance 
is  2  per  cent. ;  the  low  pressure  is  given  as  3  per  cent.  The 
diameter  of  the  fly  wheel  is  15  feet  and  its  weight  65,000  pounds. 
The  main  bearings  are  17  inches  diameter,  35  inches  long;  the 
diameter  of  the  shaft  between  the  bearings  20  inches.  The 
diameters  of  the  steam  and  exhaust  pipes  are  9  inches  and  20 
inches  respectively. 

20.  Ten  separate  tests  were  made  on  this  engine  in  order  to 
determine  its  economy  at  different  loads,  both  with  and  without 
the  jackets  and  reheater  in  use.  Of  these  tests,  five  (viz.:  tests 
3,  4,  6,  8  and  10)  were  with  the  jackets  in  use,  and  were  with 
loads  increasing  from  one-quarter  load  to  an  overload  of  one- 
quarter.  Eour  tests  (viz. :  tests  5,  7,  9  and  11)  were  without  the 
use  of  jackets  and  reheater  and  were  with  loads  varying  from 
one-half  to  an  overload  of  one-quarter.  Another  test  (number 
12)  was  made  at  full  load  with  jackets  and  reheater  in  use  and 
with  a  greater  boiler  pressure  than  in  the  previous  runs  so  as  to 
test  the  engine  more  nearly  under  its  rated  conditions. 

21.  The  principal  results  of  these  ten  tests  are  given  in  Table 
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II.  The  combined  indicator  cards  are  shown  in  Figs.  6  to  15. 
On  examining  the  conditions  under  which  these  tests  were  made 
it  will  be  seen  that  the  superheat  was  slight  in  all  cases,  but  was 
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greater  during  the  series  of  tests  without  jackets  and  reheater. 
The  vacuum  was  not  constant,  but  fell  at  the  higher  loads;  it 
averaged  higher  than  in  the  tests  of  any  of  the  other  engines. 
In  order  to  eliminate  the  effect  of  variation  in  the  vacuum  on 
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the  economj  of  the  engine  a  correction  has  been  applied  reduc- 
ing all  the  results  to  an  effective  vacuum  of  26  inches.  This 
correction  is  obtained  by  adding  to  the  mean  effective  pressure 
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of  the  low  pressure  cylinder  the  difference  between  the  absolute 
pressure  corresponding  to  26  inches  vacuum  and  that  correspond- 
ing to  the  actual  effective  vacuum  shown  by  the  cards  and 
recorded  in  line  11.     The  corrected  results  are  given  in  line  29, 
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and  for  the  purpose  of  comparison  of  results  the  figures  in  this 
line  are  the  most  satisfactory  to  use,  since  they  not  only  eliminate 
the  efiiciency  of  the  feed  water  heaters  but  also  reduce  all  results 
to  a  common  vacuum. 
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22.  The  corrected  heat  consumptions  per  indicated  horse- 
power per  minute,  and  the  method  of  variation  with  the  engine 
load,  are  shown  graphically  in  Fig.  131;  the  same  figure  shows  also 
the  percentage  of  the  total  steam  used  in  the  jackets  and  re- 
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heater.  The  most  striking  feature  of  the  curves  is  the  small 
variation  of  the  efficiency  of  the  engine  when  jackets  and  reheater 
are  used  throughout  the  range  of  load  from  one-half  load  to  one- 
quarter  overload.     Within  this  range  the  total  variation  of  econ- 
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omy  did  not  exceed  2  per  cent.,  and  the  economy  was  greatest  at 
about  the  rated  load.  It  should  also  be  noted  that  the  percentage 
of  the  total  steam  used  in  the  jacket  and  reheaters  is  lowest  when 
the  efficiency  is  greatest. 


SUPERHEATED   STEAM   AND  REHEATERS   IN   COMPOUND   ENGINES.     461 


23.  Without  the  jackets  and  reheater  in  use  the  economy  in- 
creases with  increase  of  load,  and  in  such  way  as  to  indicate  that 
there  would  be  but  little  advantage  in  the  use  of  jackets  and 
reheater  when  the  engine  is  much  overloaded.     With  light  loads 
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up  to  full  load  the  saving  by  jackets  and  reheater  ranges  from  9 
to  4  per  cent,  and  is  obtained  by  using  from  10  to  7  per  cent,  of 
the  total  steam  in  the  jackets  and  reheater.  The  increase  in  econ- 
omy with  the  load  and  the  reheater  in  use  would  have  been 
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greater  had  the  reheater  been  of  greater  capacity.  As  is  seen  in 
line  10,  the  superheat  of  the  steam  entering  the  low  pressure  cyl- 
inder decreased  from  100  degrees  to  46  degrees  as  the  amount  of 
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steam  used  increased.  This  is  probably  the  reason  for  the  close 
approach  of  the  two  heat  consumption  curves  in  Fig.  130.  An 
examination  of  tlie  indicator  cards,  Figs.  120  to  120,  and  of  the 
steam  qualities  tabulated  in  lines  23  to  26  of  Table  II.,  shows 
that  the  qualities  during  expansion  in  the  high  pressure  cylinder 
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are  but  slightly  affected  by  the  steam  jackets.  On  the  other 
hand,  the  qualities  during  expansion  in  the  low  pressure  cylinder 
show  very  clearly  the  beneficial  results  of  reheating,  especially 
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in  the  low  load  tests  where  the  superheat  in  the  receiver  was 
greatest.  The  rise  of  the  end  of  the  expansion  line  of  the  high  pres- 
sure cards  at  light  loads,  Figs.  121,  122  and  123  results  from  the 
return  of  steam  from  the  receiver  to  the  high  pressure  cylinder 
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due  to  the  lifting  of  tlie  exhaust  valve  from  its  seat  when  the 
pressure  in  the  cylinder  becomes  less  than  that  in  the  receiver. 

Tests  of  Engines  C,  D^  E  and  F. 

24.  The  engines  C,  D,  E  and  F  are  all  located  in  the  new 
engine  room    of    the   Atlantic   Avenue   station   of    the   Edison 
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Electric  Illuminating  Company,  and  are  almost  identically  sim- 
ilar units,  each  rated  at  about  2,400  indicated  horse-power  and 
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direct  connected  to  a  1,600  kilowatt  direct  current  General 
Electric  generator.  The  cylinders  are  all  29  inches  and  60  inches 
by  56  inches;  the  fly  wheels  18  feet  diameter  and  130,000  pounds 
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in  weight;  the  main  bearings  24  inches  diameter  and  48  inches 
long;  the  shafts  between  the  bearings  27  inches  diameter;  the 
steam  and  exhaust  pipes  10  inches  and  24  inches  diameter  respec- 
tively. The  high  pressure  clearances  are  2.75  per  cent.;  the 
low  pressure  clearances  4  per  cent. 
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-5.  Engines  ('  and  D  have  each  740  square  feet  of  reheating 
surface  in  the  receiver;  the  other  two  engines  have  each  800 
square  feet.       The  only  other    differences    between  these  four 
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engines  are  minor  diflFerences  in  the  valve  gearing.  Engines 
C  and  D  were  tested  in  1001;  engines  E  and  F  in  the  following 
year.  All  these  four  engines  exhaust  into  a  central  condensing 
plant  consisting  of  jet  condensers  and  Blake  twin  vertical  air 
pumps. 


SUPERHEATED   STEAM   AND  REHEATERS   IX   COMPOUND   ENGINES.     467 

The  measurement  of  the  feed-water  was  accomplished  by 
the  use  of  2-inch  Worthington  hot  water  meters,  one  at  each 
boiler  employed  during  the  list.  These  meters  were  calibrated 
by  sending  know^n  weights  of  water  through  them  at  each  of 
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three  different  speeds.  The  middle  speed  in  each  case  was  ap- 
proximately the  average  speed  of  working  of  the  meters  during 
the  test.  The  meters  showed  errors  which  were  practically  con- 
stant throughout  the  range  of  speeds  employed,  so  that  their 
readings  could  be  used  mth  complete  confidence.  Boiler  leak- 
age tests  were  made  as  usual  after  each  run. 
31 
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26.  The  following  tests  were  made  on  these  engines : 

Engine  C  was  tested  at  full,  three-quarters  and  half  loads  with 

jackets  and  reheater  in  use,  and  at  full  load  without  steam  in  the 

jackets  and  reheater. 

Engine  D  was  tested  at  half  load  and  at  full  load,  both  with 

and  without   steam   in   the   jacket  and   receiver,   but   as   a   drip 


Fig.  183.— Engine  C. 


connection,  which  should  have  been  closed^  was  found  to  be 
partly  opened  after  the  two  half-load  tests,  the  results  of  these 
tests  are  not  given  here,  and  the  table  of  results  contains  only 
those  obtained  at  full  load. 

Engine   E  was   tested   at  full   and  at  half   load   with   jackets 
and  reheater  in  use. 

Enaine   F   was   tested   onlv   at   full   load,   with   steam   in    '^  ■ 
iackets  and  reheater. 
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I'T.  Tlio  principal  results  of  these  nine  tests  are  collected  in 
Table  III.  The  combined  indicator  cards  for  the  same  tests  are 
shown  in  Figs.  134  to  142. 

28.  The  tests  on  engine  C  show  the  efficiency  of  the  engine  to 
change  verv  slightly  with  change  of  load.  — the  better  economy 
at  half  load  being  principally  due  to  the  better  vacuum,  though 
this  is  offset  in  part  by  the  lower  superheat  of  the  admission 
steam. 

The  saving  by  jacketing  and  reheating  at  full  load  is  only 
3  per  cent.  The  jacketing  is  show^n  by  the  steam  qualities  in 
the  high  jn-essure  cylinder  to  be  of  no  value  with  80  degrees 
admission  superheat,  and  the  reheater  is  of  but  small  value  when 
it  superheats  only  GO  degrees. 

20.  The  economic  results  of  engine  D  are  better  than  on 
engine  C  as  a  result  of  higher  superheat  of  the  admission  steam 
and  a  better  vacuum.  The  effect  of  the  higher  superheat  is  most 
plainly  shown  by  the  very  high  steam  qualities  during  expansion 
in  the  high  pressure  cylinder.  The  saving  in  this  engine  by  the 
use  of  jackets  and  reheater  is  4.5  per  cent. — a  little  greater  than 
in  engine  C.  The  full  load  tests  on  engines  E  and  F  gives 
results  agreeing  very  closely  with  those  obtained  on  engine  D — 
the  running  conditions  ^vere  very  similar  in  all  three  cases. 
The  half  load  test  on  engine  E  gives  the  same  economic  result  as 
the  full  load  test  on  the  same  engine. 

Tests  of  Engines  G^  H  and  K, 

30.  These  engines  are  part  of  the  new  plant  of  the  Cambridge 
Electric  Light  Company,  and  correspond  to  station  numbers  1,  2 
and  3  respectively.  A  description  of  the  plant  is  to  be  found  in 
the  "  Engineering  Record ''  for  November  1,  1902. 

31.  Engines  Q  and  II  are  exactly  similar  units,  18  inches  and 
38  inches  by  42  inches,  developing  760  indicated  horse-power  at 
.24  cut-off  with  135  pounds  initial  steam  pressure  and  26  inches 
effective  vacuum,  and  direct  connected  to  600  kilowatt,  60-cycle 
alternating  generators  l)uilt  by  the  General  Electric  Company. 
Engine  K  has  cylinder  dimensions  31  inclies  and  64  inches  by  48 
inches,  develops  2,320  indicated  horse-power  at  .24  cut-off  with 
135  pounds  initial  steam  pressure  and  26  inches  effective 
vacuum  and  is  direct  connected  to  a  1,500  kilowatt  General  Elec- 
tric generator. 
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32.  A  slight  leak  was  found  in  the  reheater  coils  of  engine  H, 
so  that  tliis  engine  was  run  only  without  steam  in  the  reheater. 
Engine  K  had  been  used  but  very  little,  and  had  not  worn  down 
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to  such  good  condition  as  the  other  two  engines.  Its  governor  was 
found  to  stick  at  very  light  loads,  and  the  consequent  hunting 
made  it  impracticable  to  obtain  satisfactory  friction  cards  from 
the  engine  when  running  without  load.     In  all  other  respects 


SUPERHEATED  STEAM  AND  REHEATERS  IN  COMPOUND  ENGINES.     473 

the  conditions  were  favorable  for  satisfactory  tests  of  all  three 
engines. 

33.  During  the  tests  the  whole  of  the  steam  generated  in  the 
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plant  was  used  for  the  engine  under  test  and  its  auxiliaries. 
The  main  engine  was  supplied  from  one  or  more  main  boilers; 
the  auxiliaries  from  an  auxiliary  boiler.  The  feed  to  the  main 
boilers  was  determined  by  direct  weighing.     The  engine  under 
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test  carried  the  total  station  load,  and  to  this  was  added  the 
power  absorbed  by  a  water  rheostat,  continuously  adjusted  so  as 
to  keep  the  sum  of  the  loads  constant.     The  tests  were  made  in 
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April  and  ^lay,  1903,  and  were  conducted  by  the  writer,  assisted 
by  student.s  in  eni^ineering  of  Harvard  University.  On  engine 
0  two  full  load  tests  were  made,  one  with,  the  other  without 
steam  admission  to   the   jackets   and   reheater.     Only   one   test 
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was  made  on  engine  H ;  a  test  with  about  20  per  cent,  overload 
and  without  steam  in  the  jackets  and  reheater.  Engine  K  was 
tested  at  full,  half  and  quarter  loads  with  the  jackets  and  re- 
heater  in  use,  and  at  half  load  without  them. 
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34.  The  principal  results  of  the  tests  on  engines  G,  H  and  K 
are  collected  in  Table  IV.  The  combined  indicator  cards  for 
the  seven  tests  are  given  in  Figs.  143  to  149. 
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35.  The  engines  G  and  H  are  the  smallest  of  the  whole  series 
tested.  The  results  of  the  two  full  load  tests  of  G  agree  very 
closely  with  the  results  of  the  tests  9  and  8  of  engine  B  under 
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full  load,  although  this  latter  engine  is  50  per  cent,  larger  than 
G.  The  reheaters  gave  practically  the  same  superheat  in  both 
cases;  the  steam  pressures  in  the  high  pressure  cylinders  were 
practically  the  same,  so  that  the  disadvantage  of  smaller  size  and 
poorer  vacuum  in  engine  G  is  just  about  offset  by  the  greater 
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superheat  of  its  admission  steam.  The  gain  by  the  use  of  jackets 
and  reheater  ^vas  about  7  per  cent,  in  both  cases.  It  will  be 
seen  by  an  examination  of  the  steam  qualities  in  the  high  press- 
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ure  cylinder  that  the  jacket  is  effective  in  this  comparatively 
small  cylinder  even  with  moderate  superheat  at  the  throttle. 
The  p^rfonnance  of  engine  //  at  20  per  cent,  overload  is  con- 
.siderably  better  than  that  of  engine  B  under  approximately  sim- 
ilar conditions.     That  the  superheat  of  the  admission  steam  is 
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probably  responsible  for  this  is  suggested  by  the  higher  quality 
of  steam  in  the  high  pressure  cylinder.  This  particular 
engine,  H,  was  known  to   be  in  better  condition  than   G,  its 
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pistons  were  tighter  and  it  had  run  with  unusual  smoothness 
from  the  beginning.  The  distinctly  better  performance  of  this 
engine,  as  compared  with  the  similar  engine  (r,  is  to  be  accounted 
for  only  by  the  superior  condition  of  the  engine. 

36.  The  tests  on  K  again  emphasize  the  fact  brought  out  on 
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tests  of  C  and  E  that  the  efficiency  throughout  the  ordinary 
range  of  loads  is  practically  constant  in  these  engines,  though  it 
naturally  falls  off  when  the  load  is  reduced  to  one-quarter.     The 
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advantage  of  jacketing  and  reheating  is  again  found  to  be  about 
7  per  cent. 

Temperature-entropy  Diagrams. 

37.   Temperature-entropy   diagrams    for   the   tests    on   engines 
(/,  //  and  K  are  given  in  Figs.  150  to  155.     There  is  one  omission, 


SUPERHEATED   STEAM   AND  REHEATERS   IX   COMPOUND   ENGINES.     481 


that  of  test  27.  The  combined  indicator  card,  Fig.  148,  for  this 
test  shows  that  considerable  steam  returns  from  the  receiver  to 
the  high  pressure  cylinder  after  release,  and  the  assumption  of 
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constant  weight  of  acting  substance,  necessary  for  the  construc- 
tion of  the  temperature-entropy  diagram,  would  give  superheated 
steam  in  the  exhaust  from  the  high  pressure  cylinder.  It  is 
then  impossible  to  draw  a  temperature-entropy  diagram  without 
grossly  distorting  the  facts. 
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SS.  In  each  of  the  Figs.  150  to  155  the  high  pressure  and  low 
pressure  cards  have  a  common  pair  of  reference  curves.  As 
drawn  thej  are  valuable  mainly  in  indicating  when  the  heat 
losses  occur.     They  assume  that  the  total  steam  acting  in  each 
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cylinder  (the  sum  of  the  steam  admitted  and  of  the  clearance 
13  team  J  weighs  just  one  pound.  The  relative  amounts  of  work  done 
in  the  two  cylinders  will  consequently  be  shown  correctly  in  such 
a  temperature-entropy  diagram  only  in  the  case  wlien  the  actual 
total  weights  of  steam  acting  during  expansion  are  the  same  in 
both  cylinders. 

39,  In  the  engines  under  consideration  the  weights  of  steam 
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acting  in  the  two  cylinders  were  different  in  every  case;  (a) 
because  the  weights  of  clearance  steam  remaining  over  in  the 
two  cylinders  is  different  in  every  case,  and  (h)  because  in  many 
of  the  tests  part   of  the   steam  admitted  to   the   high  pressure 
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cylinder  does  not  go  to  the  low  pressure  cylinder,  but  is  drained 
from  the  receiver.  In  order,  then,  to  get  a  correct  relation  of 
the  temperature-entropy  diagrams  of  the  two  cylinders,  each 
diagram  should  be  drawn  with  respect  to  its  own  pair  of  refer- 
ence curves,  and  each  pair  of  reference  curves  should  preferably 
be  drawn  for  the  actual  weight  of  steam  present  during  expan- 
sion per  revolution. 

40.  Fig.  156  shows  the  temperature-entropy  diagram  for  the 
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full  load  test  (No.  25)  on  engine  K,  drawn  to  give  correct  quan- 
titative results  for  one  revolution.  The  curves  ah,  cd,  are  the 
reference  curves  (i.e.,  the  entropy  curves  for  water  and  for  dry 
and  saturated  steam)  for  the  high  pressure  card;  the  low  press- 
ure card  has  ef  and  gh  for  its  reference  curves.     The  position 


IGO 

150 

140 

130 

120 

110 

100 

90 

80 

70 

CO 

i  50 

X 

</, 

'^    10 
0 


• 

A 

X 

^ 

St 

^am 

Qualitii 

'8 

^ 

^  I 

\ 

Engine  H.  -  Test  24. 

Overload  without  Reheater. 

857.6-I.H.P. 

\ 

\ 

i 

i\\ 

\^ 

\ 

465 

.3  I.I 

.P. 

\ 

1 

h\% 

r 

-- 

,^ 

\ 

394 

3  I.II 

.p. 

r:^ 

4G;g 

—- 

> 

90^ 


80^ 


0  8  16  24 

^  ,  „  Volumes,  Cu.Fl. 


32 


10 


48  50 

Am.Zlank  Aute  Co.,N.  T. 


Fig.  145. 


of  any  point  on  these  cards  with  respect  to  the  proper  pair  of 
reference  curves  gives  the  quality  of  the  steam  at  that  point  on 
the  assumption  that  all  the  admission  and  clearance  steam  are 
present  in  the  cylinder.  The  areas  of  the  cards,  when  multiplied 
by  the  product  of  the  scales  of  ordinates  and  abscissae,  give  the 
heat  equivalent  of  the  actual  work  done  per  revolution. 

41.  To  find  the  thennodynamic  efficiency  of  each  of  the  cyl- 
inders and  of  the  whole  engine  some  additional  construction  is 
necessary.     The  diagram  must  show  the   heat  added;   that  is, 
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the  heat  of  formation  of  the  admission  steam  measured  above 
its  proper  starting  temperature.  It  is  necessary,  then,  to  elim- 
inate the  clearance  steam  from  the  diagram.  To  accomplish 
this,  take  the  points  h  and  I  on  the  two  cards  corresponding  to 
the  beginnings  of  compression.    At  this  point  of  the  cycle  experi- 
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ment  has  indicated,  and  it  is  customary  to  assume,  that  the  clear- 
ance steam,  which  alone  remains  in  the  cylinder,  is  dry  and  satu- 
rated. The  point  h  may  be  taken  as  a  point  on  a  new  reference 
line  giving  the  entropy  of  the  admission  substance  as  water  at  that 
temperature  and  the  new  reference  curve  Aro  may  be  drawn  for 
the  weight  of  substance  admitted  to  the  high  pressure  cylinder  per 
revolution.  The  dry  and  saturated  steam  reference  curve  np 
for  the  same  weight  of  substance  is  constructed  as  usual  by  tak- 
ing horizontal  ordinates  such  as  of,  Jcrif  of  length  equal  to  the 
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increase  in  entropy  in  converting  the  weight  of  water  substance 
admitted  per  revolution  from  water  at  a  certain  temperature  into 
dry  and  saturated  steam  at  the  same  temperature.  The  point  n 
of  the  new  reference  curve  np  will  fall  on  the  curve  cd  for  the 
total  steam  acting,  because  the  point  h  has  its  entropy  equal  to 
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the  sum  of  the  entropy  of  the  dry  and  saturated  clearance  steam 
plus  the  entropy  of  the  admission  steam  as  water  at  the  same 
temperature. 

42.  In  a  similar  way  a  new  pair  of  reference  curves,  Iq,  rs, 
can  be  drawn  for  the  low  pressure  cylinder,  eliminating  the  clear- 
ance steam. 

The  area  under  Bop  (measured  down  to  absolute  zero  of  tem- 
perature) gives  the  heat  supplied  to  the  high  pressure  cylinder 
if  the  steam  admitted  is   dry  and  saturated;   as  it  is   actually 


SUPERHEATED  STEAM  AND  REHEATERS   IN   COMPOUND  ENGINES.     487 

superheated,  the  area  under  Bopt  is  the  correct  measure  of  the 
total  heat  going  to  the  cylinder  per  revolution.  In  finding  the 
efficiency  of  the  engine  there  must  be  added  to  this  the  heat  given 
up  in  the  high  pressure  jackets  and  the  reheater.  The  heat  given 
up  in  these  two  places  cannot  be  separated  in  these  tests,  so  it 
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will  all  be  assumed  to  be  given  to  the  high  pressure  cylinder. 
The  steam  going  to  the  jackets  and  reheater  gives  up  only  its 
latent  heat  and  superheat ;  consequently,  if  pu  is  the  increase  of 
entropy  during  vaporization  of  the  steam  used  in  the  jackets  and 
reheater  per  revolution,  and  if  uv  is  the  entropy  line  for  the  super- 
heating of  all  the  steam  going  to  the  engine  per  revolution,  the 
area  under  Bouv  gives  the  total  heat  going  to  the  engine  per  revo- 
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lution.  Tlie  heat  in  that  part  of  the  steam  going  through  the 
cylinders  is  measured  above  the  low  pressure  exhaust  temper- 
ature, and  that  of  the  steam  used  in  the  jackets  is  measured  above 
the  saturation  temperature  of  steam  at  the  admission  pressure. 
The  area  under  Bouv  gives  then  the  total  heat  supply  per  revolu- 
tion measured  above  the  ideal  feed  temperature.  The  work  done 
by  the  ideal  (Kankine)  engine  working  under  the  same  conditions 
is  represented  by  the  area  BouvD.  The  efficiency  of  the  actual 
engine  compared  with  the  ideal 

_  H.  P.  area  +  L.  P.  area 
~  B  0  u  "d  JJ 

The  efficiency  of  the  high  pressure  cylinder,  considered  as  a 
separate  engine,  compared  with  the  ideal 

_  H.  P.  area 

X  0  U  V  w' 

The  efficiency  of  the  low  pressure  cylinder  compared  with  the 
ideal 

_  L.  P.  area 
Aqsy  C 

43.  It  is  to  be  noted  that  Eankine's  unjacketed  cycle  has  been 
used  as  the  ideal  although  the  high  pressure  cylinder  is  jacketed. 
It  is  also  to  be  observed  that  the  efficiency  of  the  high  pressure 
cylinder  as  defined  above  is  less  than  its  actual  efficiency  because 
of  the  assumption  that  the  heat  of  the  reheater  steam  goes  to 
the  high  pressure  cylinder. 

TJte  Value  of  High-pressure  Jackets  and  of  Reheating, 

44.  There  are  certain  facts  which  the  writer  believes  may  be 
postulated  with  reference  to  the  effectiveness  of  jacketing  and 
reheating,  and  which  are  supported  by  the  results  of  these  tests. 

45.  The  saving  by  jacketing  varies  with  the  following  factors : 
(a)  It  increases  as  the  cut-off  becomes  earlier. 

(h)  It  decreases  as  the  superheat  of  the  entering  steam  in- 
creases. 

(c)  It  decreases  with  increase  in  size  of  the  engine. 

4C.  There  is  no  saving  by  reheating  when  the  reheater  does 
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no  more  than  to  dry  the  steam.  If  there  is  any  advantage  in 
using  dry  and  saturated  steam  in  the  low  pressure  cylinder  over 
the  use  of  wet  steam,  it  can  be  obtained  by  the  use  of  a  separator 
between  the  cylinders.  In  tests  2,  7,  9  and  24,  when  the  re- 
heater  was  not  in  use^  the  receiver  acted  as  an  almost  perfect 
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separator,  taking  away  all  the  condensatiou  which  calculations 
showed  to  have  occurred  in  the  high  pressure  cylinder.  If  the 
reheater  merely  vaporizes  the  condensed  steam  at  the  expense  of 
a  practically  equal  quantity  of  high  pressure  steam  it  is  not  only 
non-effective  but  is  also,  probably,  a  source  of  actual  loss,  since 
more  work  could  have  been  obtained  from  the  total  steam  used 
if  it  had  all  gone  into  the  high  pressure  cylinder.     The  reheater 
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then  should  be  regarded  merely  as  a  superheating  device  for  the 
steam  entering  the  low  pressure  cylinder,  and  it  may  be  expected 
to  be  more  effective  the  greater  the  amount  of  superheat  it  gives 
the  receiver  steam.  It  is  probable  that  the  reheater  would  be 
more  effective  if  the  only  work  were  superheating,  as  it  might  be 
if  the  wet  steam  exhausting  from  the  high  pressure  cylinder 
passed  through  a  good  separator  before  reaching  the  reheater. 
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As  the  reheater  will  have  less  to  do  when  the  engine  is  running 
at  low  loads  it  may  be  expected  to  give  a  higher  superheat  at  low 
loads,  and  consequently  to  be  more  effective.  With  the  above 
in  mind,  an  examination  of  the  tests  already  described  (the  prin- 
cipal results  of  which  are  collected  in  Table  V.  for  more  easy 
inspection)  throws  some  light  on  the  conditions  under  which  the 
jacketing  of  the  high  pressure  cylinder  and  the  practice  of  re- 
heating are  desirable,  and  shows  the  saving  to  be  expected  from 
them  in  large  size  engines. 
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47.  In  engine  A,  where  saturated  steam  is  used,  the  jackets, 
at  full  load,  keep  the  steam  about  G  per  cent,  dryer  in  the  high 
pressure  cylinder  and  the  reheater  superheats  35  degrees.  As 
the  greater  part  of  the  6.8  per  cent,  of  the  total  steam  which  is 
condensed  in  the  jackets  and  reheater  must  have  been  condensed 
in  the  latter  place,  it  is  obvious  that  the  reheater  cannot  have 
contributed  anything  to  the  small  total  saving  of  1.3  per  cent. 
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Qditions  in  engine  B  are  much  more  satisfactory  for 
n  of  jackets  and  reheater,  especially  at  the  lower 
ngine  is  smaller,  and  its  reheater  is  more  effective, 
with  75  degrees  superheat  of  the  receiver  steam, 
s  9  per  cent.;  at  three-fourths  load  with  60  degrees 
'c  was  7  per  cent,  saving;  at  full  load  with  46  degrees 
re  was  still  7  per  cent,  saving,  and  even  at  one-           fl 
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quarter  overload  with  26  degrees  superheat  there  was  4  per  cent, 
saving. 

49.  The  larger  engines  C  and  D  with  SO  degrees  and  98 
degrees  initial  superheat  and  60  degrees  superheat  by  the  re- 
heater  show  but  3  per  cent,  and  4.5  per  cent,  saving  respectively. 

50.  The  engine  G  is  only  one-third  the  power  of  engines  C  and 
D,  consequently  the  jackets  are  much  more  effective  (raising 
the  steam  quality  10  per  cent,  in  the  high  pressure  cylinder),  so 
that  with  49  degrees  superheat  going  to  the  low  pressure  cyl- 
inder the  saving  is  7.5  per  cent. 

51.  The  tests  on  engine  K  at  half  load,  with  59  degrees  super- 
heat by  the  reheater,  show  7.2  per  cent,  saving.  The  engines 
C,  D  and  K  have  sufficient  initial  superheat  and  are  of  such 
size  as  to  make  the  high  pressure  jackets  of  but  little  value,  so 
that  the  savings  shown  are  due  principally  to  the  action  of  the 
reheater. 
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52.  A  study  of  the  above  results  appears  to  indicate  that  the 
reheater  will  not  justify  its  use  (except  as  a  separator)  unless  it 
superheats  the  low  pressure  admission  steam  at  least  30  degrees. 
An  examination  of  the  qualities  at  release  in  the  low  pressure 
cylinders  indicates  that  100  degrees  superheat  of  the  receiver 
steam  will  probably  be  enough  to  make  the  steam  dry  and  satur- 
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ated  at  release.  As  it  is  not  desirable  to  have  superheated 
steam  at  release  this  suggests  the  probable  desirable  limit  to 
the  amount  of  superheat  to  be  given  by  the  reheater. 

The  Value  of  Moderate  Superheating. 

53.  The  engines  C,  D,  E,  F,  G,  TI  and  K  were  all  supplied 
with  steam  from  Babcock  and  Wilcox  boilers^  fitted  with  super- 
heaters giving  from  100  degrees  to  125  degrees  superheat  at  the 
boiler  when  running  at  the  rated  power.     The  amount  of  super- 
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heat  at  the  engine  depends  on  the  load  at  which  the  engine  is 
running;  (a)  because  the  superheat  at  the  boiler  decreases  as  its 
load  is  decreased,  and  (h)  because  the  fall  of  temperature  in  the 
steam  pipe  increases  as  the  weight  of  steam  passing  through  it 
diminishes.  For  these  two  reasons  the  superheat  was  less  at  low 
loads  than  at  higher  loads  except  in  some  cases  where  the  number 
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of  boilers  used  could  be  decreased  as  the  load  decreased.  As  the 
superheat  going  to  the  low  pressure  cylinder  when  the  reheaters 
were  in  use  varied  in  the  opposite  way;  that  is,  increased  with 
decrease  of  load,  these  two  variations  tended  to  offset  one 
another  in  their  influence  on  the  engine  efficiency.  The  tests 
without  the  reheaters  in  use  will  then  be  the  most  valuable  for 
showing  the  influence  of  the  superheat  of  the  high  pressure 
steam.  The  tests  at  full  load  show  that  engine  A  uses  248 
British  thermal  units  per  indicated  horse-power  per  minute  with 
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no  superheat;  engine  C  of  about  the  same  size  with  78  degrees 
superheat  uses  239  British  thermal  units,  and  engine  D  with 
98  degrees  superheat  uses  226  British  thermal  units,  a  saving  of 
about  9  per  cent. ;  some  of  which,  however,  is  also  due  to  a  better 
vacuum  and  better  cylinder  proportions.  Engine  B,  a  smaller 
engine,  uses  267  British  thermal  units  with  15  degrees  super- 
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heat — which  is  practically  the  same  result  as  that  obtained  from 
Gj  a  still  smaller  engine,  with  a  poorer  vacuum  but  with  72 
degrees  superheat.  In  the  test  of  D  with  98  degrees  superheat 
the  quality  of  the  steam  at  release  is  87  per  cent.,  so  that  it  is 
evident  that  when  the  jackets  are  not  used  a  much  greater  super- 
heat i.s  desirable  in  order  to  prevent  condensation  in  the  high 
pressure  cylinder — probably  at  least  150  degrees  will  be  neces- 
sary. An  even  greater  superheat  will  be  necessary  to  keep  the 
steam  dry  in  both  cylinders.     With  the  jackets  in  use  and  with 
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98  degrees  superheat  the  quality  in  the  high  pressure  cylinder  at 
cut-off  is  99  per  cent.,  and  at  release  is  94  per  cent.  The  ad- 
vantage gained  by  superheating  is,  of  course,  greater  in  the 
smaller  engines. 

The  Yariation  of  Economy  with  Engine  Load. 

54.  The  engines  B,  C,  E  and  K  were  all  tested  at  several  loads 
so  as  to  determine  the  effect  of  variation  of  enacine  load  on  the 
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efficiency  of  the  engine.  In  all  the  cases  (engines  C,  E  and  K) 
where  moderately  superheated  steam  was  admitted  to  both  cyl- 
inders the  important  fact  was  brought  out  that  the  heat  con- 
sumption per  indicated  horse-power  is  practically  constant 
through  a  range  of  load  varying  from  one-half  load  to  full  load, 
and  probably  even  to  a  considerable  overload.  The  apparent 
exception  in  the  better  performance  of  engine  C  at  half  load  is 
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probably  due  to  a  better  vacuum  at  that  load.  The  general 
result  was  to  be  expected  because  the  effect  of  superheat  is  to 
reduce  the  amount  of  heat  disappearing  during  admission,  and, 
consequently,  to  permit  the  increased  expansion  at  low  loads  to 
occur  without  excessive  cylinder  condensation.  In  engine  B, 
with  very  small  superheat  of  the  admission  steam,  there  is  a 
slight  decrease  in  economy  as  the  load  decreases  from  full  load, 
and  in  the  tests  without  reheater,  and  consequently  with  no 
superheat  going  to  the  low  pressure  cylinder  this  decrease  in 
economy  is  very  marked. 

55.  It  is,  perhaps,  hardly  necessary  to  emphasize  the  fact  that 
the  constancy  of  heat  consumption  referred  to  above  is  in  terms 
of  the  indicated  horse-power.  In  all  these  engines  the  friction 
horse-power  is  low,  and  the  mechanical  efficiencies  at  the  rated 
loads  are  high,  varying  (see  Table  Y.,  line  25)  from  91.4  per 
cent,  to  94  per  cent,  and  averaging  93.2  per  cent.  The  friction 
horse-powers  were  determined  by  taking  cards  with  no  load  on 
the  engine,  but  they  really  represent  more  than  the  friction  of 
the  engine  proper,  since  they  include  some  losses  properly  charge- 
able to  the  generator — such  as  the  brush  friction,  the  armature 
windage,  the  bearing  friction  of  the  armature  and,  in  some  cases, 
a  low  excitation  of  the  field.  Consequently,  the  real  mechanical 
efficiencies  of  the  engines  are  somewhat  higher  than  the  quan- 
tities given  in  the  table. 

56.  The  low  friction  of  the  engine  causes  the  heat  consump- 
tion per  electrical  horse-power  to  change  a  comparatively  small 
amount  as  the  load  decreases;  the  heat  consumption  per  kilowatt 
per  hour  will  be  some  6  or  7  per  cent,  greater  at  half  load  than  at 
full  load. 

The  Radiation  and  Conduction  Heat  Losses. 

^)7.  In  those  tests  where  the  reheater  was  in  use,  the  knowl- 
edge of  the  exact  condition  of  the  steam  entering  the  low  press- 
ure cylinder  permitted  the  determination  of  the  heat  lost  by 
radiation  and  conduction  from  the  high  pressure  cylinder  and 
the  receiver.  The  total  heat  of  the  steam  coming  to  the  engine 
is  the  sum  of  tHe  four  following  quantities  : 

(1)  The  heat  going  to  the  low  pressure  cylinder. 

(2)  The  heat  equivalent  of  the  work  done  in  the  high  press- 
ure cylinder. 
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(3)  The  heat  escaping  with  the  reheater  and  receiver  drainage. 

(4)  The  heat  lost  by  radiation  and  conduction  from  the  high 
pressure  cylinder  and  the  receiver. 

The  first  three  quantities  can  be  calculated  from  the  observa- 
tions made  on  the  test,  and  consequently,  the  last  quantity 
can  be  determined  by  the  heat  balance  stated  above.  The  radia- 
tion and  conduction  loss  was  calculated  for  most  of  the  tests, 
and  was  found  to  vary  from  -J  to  1  per  cent,  of  the  total  heat 
supply  to  the  engine  at  full  load.  As  the  low  pressure  cylinder 
is  as  carefully  lagged  as  the  high  pressure  cylinder  it  appears  that 
from  1  to  1-J  per  cent,  of  the  total  heat  supply  to  the  engine  at 
full  load  will  be  lost  by  external  radiation  and  conduction.  The 
larger  percentage  applies  to  the  smaller  engines. 

Piston  Leakage. 

58.  The  steam  qualities  at  cut-off  and  release,  given  in  lines  16 
to  19  of  Table  Y.,  show  considerable  variation  in  different  en- 
gines running  under  practically  the  same  conditions.  The 
reason  for  this  variation  is  apparently  not  far  to  seek,  and  de- 
pends on  a  phenomenon  to  which  but  small  consideration  is  gen- 
erally given  in  the  discussion  of  steam  engine  performances. 
This  phenomenon  is  piston  leakage. 

59.  Most  of  the  engines  were  tested  when  at  rest  for  piston 
leakage,  before  the  runs  were  made,  and  in  no  case  was  there 
any  but  slight  leakage.  It  is  probable,  however,  that  a  piston 
which  is  quite  tight  when  at  rest  will  leak  when  running.  The 
static  leakage  tests  were  made  for  a  small  number  of  piston  posi- 
tions and  did  not  insure  static  steam  tightness  in  every  position. 
There  is  evidence  moreover  to  show  that  even  if  the  piston  is 
tight  in  every  position  when  at  rest,  it  may  leak  when  in  motion 
owing  to  the  breaking  up  of  the  oil  film  on  the  cylinder  walls.  If 
to  the  results  of  the  leakage  test  of  the  piston  is  added  the  knowl- 
edge that  an  intelligent  engineer  has  of  the  condition  of  the  cyl- 
inders of  which  he  has  had  charge,  it  is  probable  that  a  more 
accurate  statement  can  be  made  as  to  the  tightness  of  the  pistons. 
From  such  data  the  following  statements  may  be  made  as  to  the 
condition  of  the  engines  tested. 

Engine  B,  neither  piston  perfectly  tight,  but  both  in  good 
condition. 

Engine  C,  no  appreciable  leakage. 
33 
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En^ne  D,  both  cylinders  in  very  good  condition. 

Engine  E,  high  pressure  cylinder  very  good;  low  pressure 
piston  had  not  worn  down  to  maximum  tightness. 

Engine  F,  high  pressure  cylinder  had  been  scored  a  few  weeks 
before  test  and  had  not  worn  quite  tight;  low  pressure  cylinder 
unusually  good. 

Engine  H,  high  pressure  cylinder  very  good;  both  cylinders 
better  than  engine  G. 

60.  The  above  conditions,  as  known  before  the  tests,  will  be 
found  to  explain  most  of  the  variations  in  steam  quality  to  which 
reference  has  been  made.  For  example,  of  the  two  similar  en- 
gines E  and  F,  the  latter  shows  lower  quality  at  cut-oif  in  the 
high  pressure  cylinder,  notwithstanding  a  greater  initial  super- 
heat— and  this  quality  is  seen  to  decrease  throughout  expansion. 
Leakage  past  the  high  pressure  piston  readily  accounts  for  this. 
In  the  low  pressure  cylinders  of  these  two  engines,  the  phenom- 
enon is  reversed,  and  the  remarkably  high  quality  of  the  steam 
in  engine  F  is  presumably  due  to  the  unusually  good  condition 
of  the  cylinder. 

61.  Similarly  comparing  tests  22  and  24  on  the  exactly  sim- 
ilar engines  G  and  H  under  practically  similar  conditions,  a 
marked  advantage  is  seen  in  the  quality  of  the  steam  during  expan- 
sion in  the  high  pressure  cylinder  during  the  latter  test — a  result 
to  be  expected  from  the  known  better  conditions  of  that  cylinder. 

62.  These  examples  could  be  multiplied  were  it  desirable. 
The  effect  of  the  piston  leakages,  when  moderate,  on  the  engine 
economy  is  not  very  great  since  steam  leaking  by  the  high  press- 
are  piston  \vill  be  available  for  doing  work  in  the  low  pressure 
cylinder. 

Conclusions. 

63.  In  summing  up  the  general  results  of  the  tests  the  follow- 
ing conclusions  appear  to  the  writer  to  be  justified  when  applied 
to  large  size,  high-speed,  compound,  four-valve  engines  of  com- 
mon proportions. 

The  jacketing  of  the  high  pressure  cylinder  is  of  but  little 
value  when  moderately  superheated  steam  (100  degrees  Fahr.) 
is  used. 

Reheating  is  probably  a  source  of  loss  unless  it  superheats  the 
receiver  steam  at  least  30  degrees  Fahr.,  and  is  not  fully  effective 
unless  it  superheats  about  100  degrees  Fahr.     In  the  latter  case 
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it  maj  be  expected  to  effect  a  saving  of  6  to  8  per  cent,  of  the 
total  heat  used  per  indicated  horse-power. 

Jacketing  the  low  pressure  cylinder  is  shown  by  the  steam 
qualities  during  expansion  in  the  low  pressure  cylinder  to  be  un- 
necessary and  therefore  undesirable  when  the  reheating  is  effec- 
tive. The  effect  of  admitting  moderately  superheated  steam  to 
both  the  high  pressure  and  low  pressure  cylinders  is  to  keep 
the  heat  consumption  per  indicated  horse-power  practically  con- 
stant throughout  a  considerable  range  of  loads — from  half  load 
to  about  one-quarter  overload. 

The  variation  within  the  ordinary  limits  of  the  ratio  of  stroke 
to  diameter  in  large  size  engines  of  the  same  power  when  using 
moderately  superheated  steam,  does  not  have  any  marked  effect 
upon  the  economy  of  the  engine.  The  size  of  the  engine  is  an 
important  factor  in  determining  its  efficiency.  The  engine  G 
has  about  10  per  cent,  greater  heat  consumption  per  indicated 
horse-power  than  K,  which  is  three  times  larger. 

DISCUSSION. 

Jl/r.  W,  R.  A.  Harris. — As  the  discussion  on  above  was  closed 
rather  early,  I  should  like  to  pass  a  few  remarks  on  the  subject. 

First.  I  think  the  tests  to  have  been  satisfactorv  should  have 
been  all  of  one  duration,  and  should  have  gone  farther  than  steam 
economy,  which,  for  superheating,  is  not  sufficient,  coal  con- 
sumption being  the  essential  point;  for  if  the  steam  economy 
gains  10  per  cent,  at  a  cost  of  15  per  cent,  more  fuel  owdng  to 
superheating  there  is  a  loss. 

Second.  It  would  be  well  to  know  the  t^'pe  of  superheater  and 
distance  from  engine,  i.  e.,  length  of  pipe,  etc. — as  it  is  a  small 
amount  of  superheat. 

There  are  many  places  on  the  Continent  and  in  England  where 
superheat  is  used  as  high  as  650  degrees  Fahr.  to  700  degrees 
Fahr.,  with  an  economy  in  coal  consumption  of  7^  per  cent. 

Another  point  to  bear  in  mind  in  favor  of  superheating,  for 
new  plants,  is  the  increased  velocity  of  superheated  steam  over 
saturated,  enabling  smaller  pipes  to  be  used  and  a  greater  piston 
speed  maintained. 

Mr.  George  Barrus. — I  have  not  had  an  opportunity  to 
study  this  paper  very  carefully,  but  I  have  noticed  one 
or    two    omissions    in    it.       For    example,     the    author    states 
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that  the  tests  on  engine  A  were  conducted  by  himself.  Also  the 
tests  on  engines  G,  II  and  K;  but  tests  B,  C,  D,  E  and  F  were 
conducted  bv  Mr.  Parker  and  Mr.  Cook,  members  of  the  Society, 
and  by  two  other  parties.  It  would  be  interesting  if  he  stated  why 
the  results  of  the  tests  made  by  these  gentlemen  are  incorporated 
in  his  paper. 

I  notice  in  all  the  tables  what  is  termed  "  quality  of  steam  at  cut- 
off and  release."  I  do  not  think  that  expresses  what  the  author 
reallv  means.  I  suppose  he  means  what  is  usually  called  the 
"  percentage  of  steam  accounted  for  by  the  indicator."  This  per- 
centage shows  how  much  steam  appears  on  the  indicator  card,  but 
it  does  not  show  the  exact  condition  of  the  steam  as  to  the  amount 
of  moisture  it  contains,  as  would  be  understood  from  the  use 
of  the  term  ''  quality."  I  think  the  tables  ought  to  be  re^dsed 
to  meet  this  objection. 

Then  it  seems  to  me  the  tables  ought  to  be  arranged  in  accord- 
ance with  the  forms  established  by  our  committee  on  engine  testing, 
and  if  they  are  not  arranged  in  that  way  there  should  be  some  ex- 
planation about  it.  If  those  forms  are  of  no  use  let  us  know  it. 
If  they  are  all  right  the  author,  as  a  member  of  the  Society,  ought 
to  follow  them. 

There  are  no  copies  of  the  original  indicator  diagrams  in  this 
paper.  The  author  should  supply  them  for  each  of  the  tests.  The 
reason  I  make  this  statement  is,  that  I  saw  the  report  of  the  test 
on  engine  A,  as  well  as  some  of  the  original  diagrams  which  were 
taken.  I  was  struck  with  the  fact  that  the  diagrams  were 
poor.  I  do  not  mean  that  they  showed  poor  engine  performance, 
but  they  showed  poor  indicator  work.  You  all  know  that  if  a 
vertical  engine  is  not  solid  on  its  foundation  and  the  indicator 
outfit  is  not  properly  connected,  the  indicator  is  very  unsteady, 
and  the  diagrams  obtained  will  likewise  be  shaky  and  un- 
reliable. These  diagrams  were  very  poor  in  that  respect,  and  if 
it  had  been  my  test  I  should  have  placed  no  reliance  on  their  in- 
dications. 

Mr.  C.  V.  Kerr. — An  investigation  that  I  had  the  privilege 
of  making  about  a  year  and  a  half  ago  on  the  theory  and  practice 
of  superheated  steam,  convinced  me  that  the  reheater  would  come 
dgain  into  solid  favor  with  the  general  use  of  superheated  steam. 
When  the  reheater  receiver  is  used  with  saturated  steam  the 
trouble  is  that  we  cannot  get  a  sufficient  amount  of  reheating 
surface;    you    cannot    put    enough    reheating    surface    into    the 
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reheater  to  secure  as  much  superheat  as  you  will  need,  and  tests 
have  shown  this  quite  conclusively.  In  the  5,000  horse-power 
engine  at  the  Waterside  station,  in  New  York,  which  was  re- 
cently tested,  it  was  shown  that  both  jackets  and  reheater,  either 
together  or  alone,  were  practically  useless  throughout  the  work- 
ing range  of  load.  How  much  heat  can  you  expect  to  get  into 
a  cylinder  full  of  steam  in  a  fraction  of  a  second  through  cylinder 
walls  that  may  be  five  or  six  feet  in  diameter?  That  difficulty, 
coupled  with  the  fact  that  in  the  reheater  with  saturated  steam 
you  cannot  get  much  superheat,  is  the  reason  that  tests  show  both 
jacket  and  reheater  to  be  nearly  useless.  I  think  that  wdth  200 
degrees  superheat  and  a  receiver  with  an  adequate  amount  of 
superheating  surface,  it  is  possible  to  get  enough  superheat  to 
keep  down  condensation  to  the  point,  at  least,  of  cut-off,  and 
that  will  solve  the  problem  of  initial  condensation. 

If  you  will  note  the  table  on  page  49,  in  which  the  principal 
results  of  all  the  tests  are  given,  and  look  over  the  various  tests, 
you  will  find  this  to  be  true,  I  believe,  that  with  the  highest  super- 
heat at  the  throttle  and  with  60  degrees  superheat  at  the  low 
pressure  admission,  and  perhaps  less  than  the  average  vacumn, 
we  find  the  lowest  steam  consumption  in  the  28  tests,  which  is 
11.57  pounds  per  indicated  horse-power  hour.  We  find  100  per 
cent,  as  the  quality  of  the  steam  at  cut-off  in  the  low  pressure 
cylinder,  the  lowest  heat  consumption  in  British  thermal  units 
per  minute,  and  the  highest  dynamic  efficiency  compared  with  the 
ideal  cycle.  This  seems  to  me  to  show  that  the  superheating 
receiver  is  bound  to  come  into  favor  with  the  general  use  of 
superheated  steam. 

Mr.  George  /.  Rockivood. — The  author  gives  the  conclusions  he 
derives  from  these  tests  at  the  end  of  his  paper,  which  is  com- 
mendable; but  after  all  they  hardly  seem  to  justify  so  much  labor 
or  to  be  especially  valuable  or  new.  On  the  contrary,  the  paper 
seems  to  be  merely  a  threshing  over  of  old  straw. 

The  performances  of  all  of  these  engines  have  been  beaten 
many  times  by  other  engines  of  the  same  make  and  type;  they 
were  also  beaten  many  years  ago  by  an  engine  of  only  200  horse- 
power having  a  higher  cylinder  ratio.  I  maintained  twelve  years 
ago  that  compounds  having  a  higher  cylinder  ratio  would  beat 
those  with  the  ordinary  ratio  by  10  or  15  per  cent.  To  see  how 
that  view  w^ould  apply  in  the  present  case,  these  tests  speak  of  13.5 
pounds  of  steam  per  indicated  horse-power  per  hour  on  an  engine 
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of  2,400  horse-power  (which  is  really  a  very  poor  performance). 
Mr.  Barrus  tested  an  engine  a  year  ago  of  500  horse-power,  in 
which  test  the  perfonnance  was  11.2  pounds.  This  engine  was  a 
high-ratio  compound,  and  beat  the  2,400  horse-power  engine  by  17 
per  cent.,  both  engines  operating  '^  under  similar  external  working 
conditions."  This  would  seem  to  call  in  question  the  conclusion 
that  the  smaller  engine  is  about  10  per  cent,  less  economical 
than  the  larger.  This  conclusion  of  the  author  appears  to  be 
general  and  not  confined  to  these  engines  alone. 

I  am  inclined  to  agree  that  the  supposition  that  the  larger  the 
engine  of  a  given  type,  the  greater  its  economy  will  be  is  true; 
but  hardly  think  these  tests  prove  it.  Even  if  the  test  of  the  500 
horse-power  high-ratio  compound  be  compared  with  that  of  the 
2,500  horse-power  high-ratio  compound  engines  at  the  Waterside 
station,  to  whidh  Mr.  Kerr  has  just  referred,  it  mil  be  seen  that  the 
smaller  engine  is  still  the  most  economical  of  all.  This,  however, 
comes  from  the  fact  that  the  Waterside  engines,  being  designed 
for  use  Avith  superheated  steam,  had  poppet  valves,  which  involved 
15  per  cent,  clearance  in  the  first  cylinder,  with  a  resulting  total 
loss  of  economy  of  6  per  cent. 

AVitli  regard  to  the  value  of  reheaters,  the  author  does  not  note 
two  or  tliree  important  considerations.  The  principal  one  is  that 
a  reheater  increases  the  economical  power  of  a  given  engine  to  an 
extent  out  of  all  proportion  to  its  cost.  Even,  therefore,  if  it  does 
not  increase  the  economy  of  the  engine — and  I  feel  very  sure 
that  if  properly  designed  it  cannot  decrease  the  economy —  its  use 
is  more  than  justified.  J^othing  is  said,  I  believe,  about  draining 
the  water  of  condensation  from  the  high  pressure  exhaust  pipe 
before  the  steam  meets  the  reheating  surface.  This  is  necessary  if 
economy  is  aimed  at. 

Some  people  still  like  to  test  steam-engines.  To  me  the  subject 
is  of  only  passing  interest,  as  I  believe  the  steam-turbine  has 
routf^l  the  reciprocating  machine  completely  for  all  work  which 
can  l)e  done  by  electrical  transmission  of  the  power;  and  there  is 
now  hardly  to  1)0  found  any  place  where  the  motor  is  not  of  greater 
advantage  than  shafting  and  belting. 

Prof.  L.  S.  Afarks.^ — The  writer  regrets  that  Mr.  Barrus  did 
not  have  an  opi)ortunity  to  study  this  papc^r  very  carefully 
before  he  criticised  it.     He  will  find  his  criticism  in  part  answered 

*  Autlior's  closure,  under  the  Rules. 
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in  the  paper  itself,  but  as  the  criticism  includes  also  other  points, 
the  writer  ^^dll  endeavor  to  reply  fully. 

In  paragraph  one  is  given  the  reason  why  the  writer  included 
^\dth  his  own  tests  all  the  available  unpublished  tests  on  engines  of 
the  same  make.  It  mav  also  be  pointed  out  that  these  other  tests 
were  not  published  bv  those  employees  of  the  company  who 
had  conducted  the  tests,  because  of  a  special  regulation  of  the  com- 
pany forbidding  such  action  on  their  part;  and  that  their  inclusion 
in  this  paper  was  with  the  express  permission  of  the  president  of 
the  company. 

The  term  "  quality  of  steam  at  cut-off ''  Avas  used  because  of  its 
greater  brevity,  and  in  the  belief  that  the  members  of  this  Society 
understand  what  is  meant  hereby;  and  further,  the  meaning  of  the 
term  is  made  abundantly  clear  by  the  discussion  nnder  the  heading 
of  "  piston  leakage."  The  tests  were  presented  with  a  special  ob- 
ject in  view,  and  the  writer,  while  appreciating  fully  the  excellent 
work  done  by  the  Committee  on  Engine  Testing,  in  arranging 
forms  for  the  presentation  of  results,  preferred  to  use  such  forms 
for  his  own  tests  as  should  exhibit  most  clearly  the  results  which 
he  wished  to  emphasize.  With  respect  to  the  publication  of 
copies  of  the  original  indicator  cards,  the  writer  believes  he  had 
done  as  much  as  is  desirable  in  publishing  the  combined  cards. 
The  publication  of  copies  of  the  original  indicator  diagrams  for 
each  of  the  tests  would  have  increased  largely  the  bulk  of  the 

CD  t> 

paper  without  at  all  increasing  its  value. 

The  author  cannot  but  express  'his  extreme  surprise  at  the  state- 
ment of  ^Ir.  Barrus,  that  he  had  seen  some  of  the  original 
diagrams  for  the  test  on  engine  A.  These  diagrams  have  not  been 
out  of  the  possession  of  the  writer  from  the  time  they  were  taken, 
and  cannot  have  been  seen  by  Mr.  Barrus.  His  statement  that 
these  diagrams  were  poor  must  also  be  denied.  They  were  seen 
at  the  time  of  the  tests,  and  were  found  satisfactory  both  by  the 
Consulting  Engineer  of  the  Boston  Electric  Light  Co.  and  by  the 
engineer  representing  the  engine  builders.  The  engine  founda- 
tions were  very  solid,  the  engine  itself  very  stiff,  the  indicating 
gear  w^as  a  simple  photograph  device,  designed  by  the  engine 
builders,  with  but  few  joints,  strong,  new,  and  with  no  discernable 
back-lash.  The  indicators  were  gone  over  and  oiled  every  hour. 
There  was  no  suggestion  of  shakiness  in  the  cards.  The  writer 
considers  the  indicator  cards  for  this  test  to  be  as  reliable  as  can  be 
obtained  from  engines  of  this  size  and  speed,  and  cannot  but  con- 
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siller  that  Mr.  Barms'  remarks  on  these  cards,  which  he  has  never 
seen,  are  either  the  product  of  a  faulty  memory  or  of  a  vivid 
imagination.  Copies  of  the  actual  cards  for  the  tests  on  engine  A, 
on  July  20,  ISDJ),  are  added  to  this  paper,  Figs.  157-160. 

The  writer  finds  himself  in  complete  agreement  mth  the  re- 


Engine  A,      II. p.  Head  End. 

July  20,  1899.        12.30  P.M. 
Engine  pressure  by  gauge=;1.5.> 

Area=l.GO       Lengtli=3.r3 


^vi.Bk.A'ute  C'o..y.y. 


Fig.  157. 


marks  of  Mr.  C.  Y.  Kerr.  The  results  of  the  test  of  the  5,000 
horse-power  engine,  at  the  AVaterside  station  in  'New  York,  are 
such  as  the  present  tests  would  show  to  be  probable,  unless  the 
reheater  were  of  unusual  size  and  efficiencv.  The  larger  the 
engine  the  less  is  the  gain  to  be  anticipated  by  the  adoption  of  the 
usual  devices  for  securing  economy. 


Engine  A.       II. P.  Crank  End. 
July  20,  1899.        12..30  P.M. 
Area=2.10       Lengtb=3.89 


Xark;  L.S. 


Am.Dk.Sute  Cu.,X.r. 


Fig.  158. 


^Fr.  Rock  wood's  numerous  criticisms,  although  they  do  not 
touch  the  .suVjstance  of  the  paper,  had  perhaps  better  be  answered 
individually.  So  complete  a  series  of  tests  on  large  size  engines  of 
one  type  has  not,  the  writer  believes,  been  recorded  before.  They 
give  certain  information  for  which  the  owners  of  the  engines  were 
willing  to  undertake  the  not  inconsiderable  cost  and  inconvenience 
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involved  in  the  making  of  these  tests.  The  results  so  obtained 
have  value  to  all  those  who  have  charge  of  such  engines — to 
all  who  want  to  know  whether  engines  of  1,000  to  3,000  indicated 
horse-power  should  preferably  be  run  with  or  without  jackets, 
with  or  without  reheaters,  and  at  what  range  of  loads  they  may 


Engine  A.        L.P.  Head  End. 

July  20,  1899.        12.30  P.M. 

Vacuum  pressure  by  gauge =12.2 

Area  =--2.84       Length=3.89 


Am.Bk.yuu  a.,-v.r. 


Fig.  159. 


be  economically  run.  Such  information  the  writer  does  not  con- 
sider to  be  the  threshing  of  old  straw.  The  information  on  these 
points,  obtained  on  small  laboratory  engines  up  to  100  indicated 
horse-power,  is  of  no  value  for  general  industrial  practice;  and 
it  is  principally  on  such  small  engines  that  information  of  the 
nature  indicated  has  been  obtained  hitherto. 


Engine  A.       L.P.  Crank  End 
July  20,  1899.        12.80  P.M. 
Area=3.19       Length=3.92 


Marke,  L.S. 


Am.Dk.y.jte  c\,..y.v. 


Fig.  160. 


Moreover,  this  paper  does  not  pretend  to  give  "  record  "  results, 
but  only  the  results  of  good  modern  practice.  The  writer  has  a 
high  opinion  of  the  possibilities  of  the  high-ratio  compound  asso- 
ciated with  Mr.  Rockwood's  name,  but  he  would  point  out  that  his 
conclusion  with  reference  to  the  effect  of  the  size  of  an  engine  on 
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its  economv  is  expressly  restricted  to  engines  of  ordinary  propor- 
tions, and  intentionally  omits  a  comparison  between  different  types. 
The  writer  has  no  doubt,  however,  that  his  general  conclusion  will 
be  found  to  apply  satisfactorily  to  a  comparison  of  two  of  Mr. 
Kockwood's  engines.  The  comparison  instituted  by  ]\Ir.  Rockwood 
between  his  own  500  horse-power  high-ratio  compound  and  the 
very  different  AVaterside  station  engine  referred  to  by  Mr.  Kerr, 
can  hardly  be  expected  to  prove  anything. 

The  writer  cannot  agree  with  Mr.Rockwood  as  to  the  desirability 
of  having  a  reheater  in  the  case,  where  it  does  not  increase  the 
economy  of  the  engine.  A  separator  in  the  high-pressure'  exhaust 
and  a  readjustment  of  the  cut-off  valves  will  produce  a  similar 
result  \\'ith  less  trouble  and  first  cost. 

AVitli  reference  to  Mr.  Kockwood's  suggestion  that  these  tests 
were  carried  out  to  gratify  the  writer's  passion  for  testing  steam 
engines,  it  may  again  be  noted  that  these  tests  were  all  either 
acceptance  tests,  or  tests  designed  by  those  in  charge  of  the  plants 
to  yield  certain  information  as  to  their  performance,  without  any 
si)ecial  reference  to  the  partialities  of  the  writer.  The  pleasure  of 
working  up  such  tests  is  perhaps  hardly  so  great  as  Mr.  E-ockwood 
^eems  to  imagine. 
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No.  1031.* 

COMMERCIAL  GAS  EXGINE  TESTING  AND  PROPOSED 
STANDARD    OF  COMPARISON^ 

BY   WILLIAM   P.    FLINT,    EAST   PITTSBURG,   PA. 

(Member  of  the  Society.) 

1.  The  value  of  accurate  and  comprehensive  testing  of  all  prime 
movers,  and  the  determination  of  a  basis  of  comparison  upon  which 
to  judge  the  relative  economy  of  those  of  any  particular  class  can- 
not be  overestimated. 

2.  To  the  manufacturer  of  heat  motors,  especially,  it  is  un- 
questionably necessary,  and  at  the  same  time  most  expedient,  to 
incorporate  into  the  scheme  of  engineering  organization  an  effi- 
cient testing  department,  which  shall  at  once  be  capable  of  secur- 
ing accurate  data  of  the  operation  of  the  finished  machines  ^vith- 
out  being  burdened  mth  any  unnecessary  refinements.  The  sim- 
plest reliable  methods  and  apparatus  are  therefore  obviously  best 
suited  to  accomplish  the  desired  results,  and  it  is  then  left  only  to 
determine  the  most  feasible  basis  upon  which  to  make  compari- 
sons of  the  characteristic  data  obtained. 

3.  The  friction  brake  is  by  long  odds  the  most  satisfactory 

*  Presented  at  the  Cliicago  meeting  (May  and  June,  1904)  of  the  American 
aociety  of  Mechanical  Engineers,  and  forming  part  of  Volume  XXV.  of  the 
Transactions. 

f  For  further  discussion  on  the  same  topic  consult  Transactions  as  follows  : 
Xo.  843,  vol.  xxi.,  p.  396  :  "  An  Efficiency  Test  of  a  125  Horse-Power  Gas  Engine.*' 

C.  H.  Robertson. 
Xo.  875,  vol.  xxii.,  p.  152  :  "Efficiency  of  a  Gas  Engine  as  Modified  by  Point  of 

Ignition."     C.  V,  Kerr. 
Xo.  895,  vol.  xxii.,  p.  612  :  "  Efficiency  Tests  of  a  125  Horse-Power  Gas  Engine." 

C.  H.  Robertson. 
Xo.  949,  vol.  xxiii.,  p.  686  :   "Temperature  of  Exhaust  Gases."     R.  H.  Fernald. 
Xo.  950,  vol.  xxiii.,  p.  705:  "Working  Details  of  a  Gas  Engine  Test."     R.  H. 

Fernald. 
Xo.  989,  vol.  xxiv.,  p.  1048  :   "Method  of  Testing  Gas  Engines."     E.  C.  Oliver. 
No.  990,  vol.  xxiv.,  p.  1063;  "Performance  of  an  Internal   Combustion   Engine 

Using  Kerosene  and  Gasolene  as  Fuel."     Halladay  and  Hodge. 
Xo.  991,  vol.  xxiv.,  p.  1005:  "Test  of  a  12   Horse-Power  Gas  Engine."     C.  H. 

Robertson. 
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means  of  measuring  the  power  developed.  Its  accuracy  depends 
on  the  following  factors  : 

First.  The  accuracy  of  standard  platform  scales.  This  is  easily 
verified  by  standard  weights. 

Second.  Allowance  for  the  weight  of  the  blocking  on  the  scales 
and  the  unbalanced  weight  of  the  brake  band  and  arm.  These  are 
both  easily  determined  by  actual  weighing. 

Third.  The  brake  radius,  or  distance  from  center  of  the  shaft 
to  the  knife  edge  supporting  the  brake  arm. 

Fourth.  The  revolutions  per  minute. 

Fifth.  The  steadiness  with  which  the  scales  are  kept  balanced. 

4.  If  we  compare  the  above  simply  verified  facts  with  those  re- 
quired by  an  indicator  test,  it  will  be  at  once  apparent  how  much 
superior  the  brake  is  to  the  indicator  as  a  means  of  quickly  and 
reliably  measuring  power.  Then  also  the  available  or  brake  horse- 
power, and  not  the  indicated  horse-power,  is  the  thing  for  which 
engines  are  run. 

T/ie  Friction  Brake: 

5.  The  brake  is  applicable  to  large  as  vn'cII  as  small  engines,  as 
may  be  seen  by  reference  to  Figs.  161  and  16^,  shovring  respec- 
tively a  300  brake  horse-power  double-acting  tandem  and  a  25 
brake  horse-power  single-acting  vertical  gas  engine  undergoing  test. 
Fig.  163  shows  several  engines  set  up  in  readiness  for  sliop  test. 

6.  In  practice  it  is  necessary  to  lubricate  the  brake  wheel  for  the 
purpose  of  making  the  friction  uniform,  and  to  prevent  the  wooden 
cleats  becoming  locally  heated  and  taking  fire.  It  is  found  that 
strips  of  fat  salt  pork  make  the  best  lubricant,  for  they  slowly  fry 
and  thus  keep  the  wheel  uniformly  and  continuously  greased.  The 
wheel  must,  of  course,  be  cooled,  and  this  is  usually  provided  for 
by  casting  re-entrant  lips  on  it,  which  will  retain  a  layer  of  water 
by  virtue  of  centrifugal  force  when  the  brake  wheel  is  in  motion. 

7.  A  stream  of  water  is  fed  into  the  brake  wheel  at  one  point 
and  scooped  out  by  a  stationary  pipe  at  another  point.  By  this 
means  the  temperature  of  the  brake  wheel  is  controlled. 

S.  When  the  temperature  and  lubrication  of  the  brake  wheel 
are  kept  constant,  it  is  not  difficult  for  a  man  vnth  a  wrench  to 
keep  the  brake-band  tension  screw  so  adjusted  that  the  scale  beam 
of  the  platform  scales  is  always  substantially  balanced.  If  the  load 
becomes  too  great,  he  slackens  the  tension,  and  if  too  small,  he 
increases  it. 
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9.  Occasionally  considerable  annoyance  may  be  experienced  by 
sudden  changes  of  friction  occurring  which  are  due  to  a  little 
water  getting  on  to  the  outside  of  the  brake  wheel.  This  seems 
to  chill  the  lubricant  and  have  a  disturbing  effect  out  of  all  pro- 
portion to  the  cause.  It  is  a  small  practical  point  well  worth  at- 
tention, for  with  irregular  variations  in  the  friction,  the  man  at 
the  brake  cannot  keep  the  load  constant.  The  remedy  is  very 
simple — keep  water  off  the  outside  of  the  brake  wheel. 

The  Indicator  Card:  ^ 

10.  The  indicator,  while  not  as  useful  for  power  determina- 
tions, is  of  great  value  for  showing  what  is  going  on  in  the  cyl- 
inder, and  cards  should  always  be  taken  in  connection  with  the 
Ijrake  test.  It  will  often  be  superfluous  to  calculate  the  indicated 
h.orse-power  from  them.  If  engineers  in  charge  of  gas  engines 
made  more  frequent  use  of  the  indicator,  they  would  frequently 
be  able  to  obtain  increased  satisfaction  by  detecting  faulty  adjust- 
ments, particularly  of  the  point  of  ignition. 

Engine  Speed: 

11.  Where  an  engine  is  being  tested  on  a  constant  load  and 
quality  of  gas,  the  governor  should  hold  the  speed  constant  enough 
to  warrant  the  use  of  a  good  make  of  hand-speed  counter. 

Where  the  above  condition  is  not  met  a  continuous  counter  must 
be  employed. 

Gas  Measurements : 

12.  A  good  meter,  whose  accuracy  is  checked  occasionally,  by 
means  of  prover  tests,  over  the  range  for  which  it  is  used,  is  the 
best  instrument  for  this  purpose.  The  temperature  and  pressure 
of  the  gas  at  the  meter  and  the  barometer  reading  (uncorrected 
for  sea  level)  are  needed  for  correcting  the  meter  readings  to 
standard  conditions. 

Calorimeter  determinations  or  chemical  analyses  will  give  the 
lieat  value  of  the  gas. 

Coinjparison  of  Tests: 

13.  After  tests  are  made  we  still  desire  to  know  what  they  mean. 
We  must  have  a  standard  with  which  to  compare  the  results  ob- 
tained on  a  given  engine  and  as  a  basis  for  predicting  what  that 
engine  ought  to  do. 


514  GAS    KXGINE    TKSTIXG    AND    STANDARD    OF    COMPArJSON. 


GAS   ENGINE   TESTING   AND    STANDARD   OF   COMPARISON.  515 

TABLE    I. 

Data  and  Calculations  for  Figure  (5). 

16i  X  24  Gas  Engine— Test  No.  904. 

Type — Horizontal,    double-acting,    tandem,    single   crank,  four  cycle   throttling 
engine. 

Diameter  of  cylinders 16|  inches. 

Stroke 24 

Diameter  of  piston  rod  (in  tbree  explosion  chambers) 5-|      " 

Diameter  of  tail  rod  (in  one  explosion  chamber) 2f      " 

Full  load  test  speed 181  R.  P.M. 

Number  of  charges  per  two  revolutions 4 

Suction  displacement  per  minute 981  cubic  feet. 

_,    -     ^.       .    ^          345  cubic  feet  .  _„ 

Reduction  factor  =  ^^:r- — — — 7 — -  = 0.352 

V701  cuDic  leet 


Actual  Readings. 

Readings  Calculated  to  100  Horse-Power  BaBis. 

322  B.  H.  P. 
3,430.000  B.  T.  U. 

113.3  B.  H.  P. 
1,207,000  B.  T.  U. 

281  B.  H.  P. 
3,030,000  B.  T.  U. 

99.0  B.  H.  P. 
1,066,000  B.  T.  U. 

143  B.  H.  P. 

1,840,000  B.  T.  U. 

50.3  B.  H.  P. 
646,000  B.  T.  U. 

17.1  B.  H.  P. 
905,000  B.  T.  U. 

6.0  B.  H.  P. 
318,000  B.  T.  U. 

Note. — The  second  column  of  figures  are  obtained  by  multiplj'ing  those  in  the  first  column  by 
the  reduction  factor  0.352. 

14.  The  most  natural  standard  is  the  cubic  feet  of  gas  used 
per  brake  horse-power  hour.  When,  however,  we  attempt  to  use 
this,  we  find  that  for  each  engine  it  is  a  function  of  the  load  car- 
ried. Its  value  varies  considerably  at  full  load,  and  very  rapidly 
at  light  loads,  until  at  no  load  it  reaches  infinity.  We  must  make 
several  tests  at  different  loads  in  order  to  get  the  law  of  this  varia- 
tion. When  we  calculate  the  gas  consumption  per  brake  horse- 
power hour  at  light  loads,  we  find  that  a  very  small  variation  in 
the  total  amount  of  the  gas  used,  or  of  the  load  at  which  the  test 
is  made,  makes  a  very  large  and  unmeaning  variation  in  the  cubic 
feet  per  brake  horse-power  hour. 

15.  This  unmeaning  characteristic  of  the  gas  per  brake  horse- 
power curve  at  light  loads  leads  one  to  prefer  the  use  of  a  curve 
plotted  with  the  brake  horse-power  as  abscissae,  and  the  cubic 
feet  of  gas,  or  better  yet  the  British  thermal  units  of  gas,  per  hour 
as  ordinates.    Fig.  164  shows  two  such  curves,  one  for  an  8  by  10, 

34 
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and  the  other  for  a  16^  by  24  gas  engine.  These  two  curves,  how- 
ever, are  so  different  in  size  that  they  are  incomparable  with  each 
other,  even  though  the  engines  require  about  the  same  number  of 
British  thermal  units  per  brake  horse-power  hour  at  corresponding 
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loadfl.  They  need  to  be  plotted  to  such  scales  that  they  may  be 
readily  compared.  Without  replotting,  however,  they  give  at  a 
glance  the  British  thermal  units  required  on  each  engine  at  any 
load,  and  from  them  the  British  thermal  units  per  brake  horse- 
power hour  curves  may  be  readily  derived. 
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TABLE    II. 

Data  and  Calculations  for  Figure  (5). 

8  X  10  Gas  Engine— Test  No.  768. 

Type — Single  acting,  two  cylinder,  four  cycle,  vertical  throttling  engine. 

Diameter  of  cylinders 8  inches. 

Stroke 10  inches. 

Full  load  test  speed 327  R.P.M. 

Number  of  charges  per  two  revolutions 2 

Suction  displacement  per  minute 95.2  cubic  feet. 

Reduction  factor  =  -— ^— — — ; — - —  = 3 .  62 

9o.2  cubic  feet 


Actual  Readings. 

Readings  Calculated  to  100  Horse-Power  Basis. 

28.8  B.  H.  P. 
301,000  B.  T.  U. 

104.0  B.  H.  P.        • 
1,090,000  B.  T.  U. 

24.0  B.  H.  P. 
254,000  B.  T.  U. 

87  B.  H.  P. 
920,000  B.  T.  U. 

12.3  B.  H.  P. 
158,000  B.  T.  U. 

44.5  B.  H.  P. 
573,000  B.  T.  U. 

1.8  B.  H.  P. 
93,100  B.  T.  U. 

6.5  B.  H.  P. 
337,000  B.  T.  U. 

Note. — The  second  column  of  figurei*  are  obtained  by  multiplying  those  in  the  first  column  by 
the  reduction  factor  3.62. 

Proposed  Basis  of  Comparison : 

16.  The  maximum  power  of  a  given  gas  engine  depends  on  the 
number  of  British  thermal  units  it  can  take  in  per  minute,  and  on 
the  percentage  of  this  heat  which  it  can  turn  into  brake  horse- 
power. 

17.  With  engines  of  about  10  brake  horse-power  per  cylinder 
and  la-ger,  there  is  but  little  variation  in  the  efficiency  of  similar 
engines,  which  may  be  attributed  ^to  the  size.  The  consequence 
of  this  is  that  the  power  of  gas  engines  of  the  four-stroke  cycle 
type  varies  almost  in  proportion  to  their  suction  displacement,  and 
some  one  size  of  engine  may  be  taken  as  a  standard  to  which  to 
reduce  the  figures  obtained  on  other  engines.  The  curves  thus 
obtained  from  the  results  of  tests  on  many  sizes  of  engines  are 
mutually  comparable.  They  furnish  a  basis  for  predicting  what 
still  other  sizes  of  engines,  not  yet  tested,  may  be  expected  to  do. 

IS.  The  results  of  tests  on  a  large  number  of  similar  engines 
using  natural  gas  for  fuel  have  shown  that  every  345  cubic  feet 
mixture  displacement  per  minute  will  give  in  the  neighborhood  of 
116  maximum  brake  horse-power,  or  100  rated  brake  horse-power. 
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19.  The  above  displacement  is  figured  from  the  area  of  the 
piston,  length  of  stroke,  and  the  greatest  number  of  charges  per 
ininute  at  full  load  speed,  and  furnishes  the  data  upon  which  it 
is  proposed  herein  to  establish  a  basis  of  comparison. 
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8  X  10  GAS  ENGINE     TEST*^768          Reduction  Factor  3.62 
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20.  Fig.  J  (15  .^how.s  the  two  (turves  given  in  Fig.  164  roplottcd  to 
this  new  basis.  The  necessary  calculations  are  very  simple,  and 
are  given  in  tables  No.  1  and  No.  2. 

21.  The  British  thermal  units  per  brake  horse-power  hour  for 
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TABLE   III. 

Data  A^'D  Calculations  for  Figure  (6). 

7  X  10  Gas  Engine— No.  1307. 

Tvpe — Single  acting,  single  cylinder,  four  cycle,  horizontal,  hit  and  miss  engine. 

Diameter  of  cylinders 7  inches. 

Stroke 10  inches. 

Full  load  test  speed 253  R.P.M. 

Number  of  cliarges  possible  per  two  revolutions 1 

Suction  displacement  per  minute 28. 2  cubic  feet. 

,.    ,     ..       i.    .  34o  cubic  feet  ^^  ^,, 

deduction  factor  =  — — — — — - —  = 1 2 .  23 

28.2  cubic  feet 


Actual  Rcadincf*. 


Readings  Calculated  to  100  Horse-Power  Basis. 


5.22  B.  H.  P. 

90,500  B.  T.  U. 

250  R.  P.  M. 

3.35  B.  H.  P. 

63,600  B.  T.  U. 

253  R.  P.  M. 

2.60  B.  H.  P. 
55,200  B.  T.  U. 

255  R.  P.  M. 

0  B.  H.  P. 
32,400  B.  T.  U. 

256  R.  P.  M. 


63.8  B.  H.  P. 
1,108,000  B.  T.  U, 


41  B.  H    P. 
778,000  B.  T.  U. 


31.8  B.  H.  P. 
675,000  B.  T.  U. 


0  B.  H.  P. 
396,000  B.  T.  U. 


Note.— The  second  column  of  figures  are  obtained  by  multiplying  those  in  the  first  column  by 
the  reduction  factor  12.23. 


any  load  may  be  obtained  by  dividing  the  British  thermal  units 
reading  by  the  corresponding  brake  horse-power  reading.  This  is 
particularly  simple  at  the  100  horse-power  load  when  it  simply 
means  pointing  off  two  places  of  the  British  thermal  units  reading. 

22.  Tests  plotted  in  this  way  show  up  graphically  the  relation 
between  the  power  developed  per  unit  of  mixture  displacement  in 
different  engines,  as  well  as  the  relative  economy  in  gas  consump- 
tion. 

23.  By  plotting  in  this  manner,  the  results  of  a  large  number 
of  tests  of  gas  engines,  a  manufacturer  can  ascertain  the  charac- 
teristic British  thermal  units  brake-horse-poAver  hour  curve  for  each 
size  and  type,  and  from  these  can  predict  what  new  sizes  should 
do.  Experience  teaches  that  when  reduced  to  a  common  basis, 
there  is  but  little  more  variation  between  the  curves  for  similar 
engines  of  different  sizes  than  between  individual  engines  of  the 
same  size.     There  are  so  many  factors  influencing  the  exact  loca- 
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tion  of  the  curves  in  question,  that  under  commercial  conditions, 
a  good  many  tests  have  to  be  run  before  safe  average  curves  can 
be  drawn.  For  this  reason  it  is  most  helpful  to  be  able  to  readily 
and  intelligently  compare  the  results  of  different  sizes,  to  the  end 
that  the  experience  gained  on  a  size  of  which  many  engines  have 


TABLE  IV. 

Data  and  Calculations  for  Figure  (6). 

6x7  Gas  Engine — No.  1141. 

Type — Single  acting,  single  cylinder,  four  cycle,  horizontal,  hit  and  miss  engine. 

Diameter  of  cylinder 6  inches. 

Stroke 7  inches. 

Full  load  test  speed 306  R.P.M. 

Number  of  charges  possible  per  two  revolutions 1 

Suction  displacement  per  minute 17.52  cubic  feet. 

J545  cubic  feet 


Reduction  factor  = 


17.52  cubic  feet 


19.7 


Actual  Readings. 


ReadinsfS  Ca'cnh;tcd  to  100  Horse-Hower  Basis. 


3.76  B.  H  P. 
770,000  B.  T.  U. 

305  R.  P.  M. 

2.90  B.  H.  P. 
698,000  B.  T.  U. 

306  R.  P.  M. 

1.36  B.  H.  P. 

513,000  B.  T.  U. 

316  R.P.M. 

0  B.  H.  P. 

3o7,000  B.  T.  U. 

327  R.  P.  M. 


74  0  B.  H.  P. 
1,515,000  B.  T.  U. 


57.3  B.  H.  P. 
1.375,000  B.  T.  U. 


26.8  B.  H.  P. 
1,010,000  B.  T.  U. 


0  B.  H.  P. 
703,000  B.  H.  P. 


Note.— The  Becond  column  of  figurea  are  obtained  by  multiplying  those  in  the  flrst  column  by 
the  reduction  factor  19.7. 

been  built  may  be  utilized  in  criticising  the  performance  of  a  new 
size. 

24.  The  average  curves  thus  determined  may,  with  good  ad- 
vantage, Ik^  replottod  in  a  manner  similar  to  Fig.  104  for  the  use 
of  agents  who  need  to  be  able  to  quickly  answer  questions  as  to 
the  total  amount  of  gas  which  a  given  engine  will  use  at  each  of 
several  different  loads. 

2r>.  Fig.  \(U)  show.s  the  results  obtained  on  two  small,  ''  hit  and 
miss  "  ga.s  engines  plotted  to  the  100  horse-power  basis,  and  is 
given    to    illastrate    the    effectiveness    of    the    graphical    com- 
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parison  of  tests  on  engines  showing  very  different  efficiency  and 
capacity  per  unit  of  mixture  displacement.  These  particular 
engines  have  low  compression,  which  has  a  good  deal  to  do  with  the 
poor  performance  shown. 


1 

~"~ 

" 

" 

_ 

HIT  AND   MISS   ENGINES 

CURVES    PLOTTED   TO   100    H.P.  BASIS 

7  X10  GAS  ENGINE       Reduction  Factor= 12.23 

AND 

6X7  GAS  ENGINE     Reduction  Factor  =19.7 

For  Calculations  and  Data  See  Table  No.  3  &  4 
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Fig.  166. 


26.  Besides  enabling  an  average  performance  curve  to  be 
located  with  considerable  certainty,  this  100  horse-power  basis 
method  lends  itself  well  to  the  determination  of  limiting  curves 
and  figures  between  which  the  performance  of  any  engine  may 
be  expected  to  lie.     This  is  often  very  useful  in  drawing  atten- 
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tion  to  defects  in  an  individual  engine,  and  in  detecting  errors 
Avliicli  occasionally  may  be  made  in  shop  tests.  It  should  prevent 
defective  engines  from  being  sent  out,  and  also  prevent  unusually 
good  or  poor  records  being  entered  without  the  c?reful  verifica- 
tion which  they  should  receive. 

Belat'wn  of  Mixture  Displacement   to  Power  and  Efficiency  of 

the  Engine. 

27.  It  is  interesting  in  this  connection  to  do  a  little  guessing 
as  to  what  factors  are  involved  in  the  above  relation  for  the  stand- 
ard 100  horse-power  ergine  here  proposed. 

28.  It  will,  by  assumption,  have  a  nominal  mixture  displace- 
ment of  345  cubic  feet  per  minute  at  full  load  speed  and  a  maxi- 
mum power  of  115  brake  horse-power.  The  overload  speed  will 
be  less  than  that  at  full  load,  and  if  we  assume  it  2  per  cent,  less, 
we  shall  have  98  per  cent,  of  345  or  338  cubic  feet  actual  displace- 
ment per  minute  at  overload.  The  exhaust  gases  in  the  clear- 
ance spaces  are  often  at  a  slight  pressure  at  the  end  of  the  exhaust 
stroke,  and  have  to  expand  to  atmospheric  pressure  before  any 
new  charge  is  sucked  in.  Again,  there  is  usually  a  slight  vacuum 
at  the  end  of  the  suction  stroke.  Light  spring  stop  motion  cards 
taken  to  show  plainly  the  suction  and  exhaust  lines  indicate  that 
there  may  be  a  loss  of  about  5  per  cent,  of  the  displacement  vol- 
ume. Then  95  per  cent  of  338  cubic  feet  equals  321  cubic  feet, 
and  gives  the  actual  suction  displacement  filled  with  new  gases 
per  minute.  This  321  cubic  feet  of  mixture  is  measured  at  a 
temperature  above  that  of  the  atinosphere,  due  to  the  heat  ab- 
sorbed from  the  cylinder  walls  and  to  the  admixture  of  hot  gases 
left  in  the  clearance  space  from  the  previous  explosion. 

29.  It  must  be  admitted  that  the  author  has  no  data  at  hand  for 
arriving  at  a  fair  figure  for  this  temperature,  other  than  that  of 
assigning  it  such  a  value  as  will  make  the  final  result  seem  rea- 
8<^>nable.     By  assuming  this  temperature  to  be  210  degrees  Fahr., 

523 
or  671  degrees  Fahr.  absolute,  the  correction  becomes    -^  =  78 

per  cent.,  which  means  that  250  cubic  feet  of  mixture  per  minute 
at  standard  pressure  and  temperature  are  drawn  in. 

30.  The  next  question  is  the  number  of  heat  units  which  this 
250  cubic  feet  of  mixture  contains.  To  simplify  the  calculation 
consider  the  gas  to  be  all  QH^.  This  is  so  nearly  true  of  natural 
gas  that  the  results  are  applicable  also  to  it. 
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CH^  +  ^0.2  +  7.50  N^  =  C0^^2  H^O  +  7.50  N^ 

is  the  equation  for  the  theoretical  explosive  mixture,  but  we  must 
have  an  excess  of  air  present-  or  some  gas  will  not  be  burned.  Here 
again  it  is  necessary,  in  the  absence  of  measurements  of  the  vol- 
ume of  air  used,  to  resort  to  an  arbitrary  assumption  and  add  10 
per  cent,  excess  of  air.     The  equation  then  becomes 

CE^  +  2.2  6>2  +  8.25  ]S\  =  CO.2  +  ^  H^O  +  8.25  ]S\  +  0.2  0"  or 
Cn,  +  10.45  air  =  CO^  +  "2,  H^O  +  8.25  ]S\  +  0.3  0-, 

1  cubic  foot  CH^  gives  1,015  total  British  thermal  units,  or  (al- 
lowing for  the  heat  of  vaporization  of  water  formed  which  is  not 
available  for  power  purposes  in  any  gas  engine)  915  effective 
British  thermal  units  per  cubic  foot  of  gas.  1  cubic  foot  gas  -\- 
10.45  cubic  feet  air  contains  915  effective  British  thermal  units, 

915 

or  we  have  =  80  effective  British  thermal  units  per  cubic 

11.45  ^ 

foot  of  mixture.     Thus  the  250  cubic  feet  of  mixture  per  minute 

will  contain  80  X  250  =  20,000  effective  British  thermal  units. 

31.  The  assmnption  at  the  start  of  this  calculation  was  that  the 
engine  would  give  115  maximum  brake  horse-power,  and  as  42.4 
British  thermal  units  per  minute  is  the  theoretical  equivalent  of 
1  brake  horse-power  minute,  this  means  that  115  X  42.4  =  4,870 
British  thermal  units  out  of  20,000  British  thermal  units  per 
minute  are  transformed  into  brake  horse-power;  that  is,  the 
British  thermal  unit  equivalent  of  brake  horse-power  divided  by 

effective    British    thermal    units    in    the    mixture    equals  — ^ 

^         20,000 

=  24.35  per  cent,  efficiency. 

This  efficiency  means  10,430  effective  British  thermal  units  per 
brake  horse-power  hour,  and  is  what  is  obtained  in  practice  under 
good  conditions. 

32.  It  is  not  claimed  that  this  calculation  represents  the  results 
of  particular  tests.  It  is  given  only  to  draw  attention  to  the  fac- 
tors which  are  involved  in  the  relationship  existing  between  the 
displacement,  power  and  efficiency  of  the  engine  here  assumed  as 
a  basis  for  comparison. 

33.  Incidentally  this  reasoning  indicates  a  line  of  laboratory 
experiments  which  may  throw  light  on  the  temperature  of  the 
gases  at  the  beginning  of  compression,  since  that  is  the  only  fac- 
tor in  the  series  which  cannot  be  quite  readily  measured. 
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34.  This  system  of  plotting  the  results  of  gas  engine  tests  to  a 
common  basis  has  proved  so  helpful  in  the  study  of  one  well- 
known  make  of  gas  engine,  and  is  so  simple  of  application,  that 
it  is  commended  to  the  attention  of  all  engineers  interested  in 
this  subject,  and  it  is  hoped  that  those  who  publish  tests  on  im- 
portant engines  will  take  readings  on  several  different  brake  loads, 
including  the  maximum,  and  will  give  the  few  easily  determined 
facts  about  the  engine  which  are  needed  by  those  who  wish  to  plot 
the  data  as  herein  proposed. 

DISCUSSION. 

Prof.  Storm  Bull — The  paper  of  Mr.  Flint  has  interested  me 
very  much,  especially  as  it  shows  the  methods  of  testing  gas 
engines  used  by  the  Westingliouse  Machine  Co.  in  their  shops. 
That  an  engine  should  be  tested  for  various  loads  and  not  alone 
for  full  load  is  very  true,  and  it  seems  very  instructive  to  put 
the  results  in  the  manner  indicated  by  the  author:  the  brake 
horse-power  as  abscissse  and  the  British  thermal  units  consumed 
as  ordinates. 

However,  when  the  author  attempts  to  establish  a  standard 
with  which  he  proposes  to  compare  all  other  engines,  it  would 
seem  that  he  has  been  very  unfortunate.  It  may  be  true  enough 
that  the  efficiency  of  similar  engines  varies  but  very  little  for 
sizes  above  10  horse-power,  provided,  however,  that  the  quality 
of  fuel  is  the  same  in  all  cases.  But  in  making  such  an  assump- 
tion the  implication  is  that  the  efficiency  has  already  now  reached 
a  maximum  beyond  which  one  could  not  hope  to  come.  This 
certainly  is  not  true,  and  consequently  the  standard  selected  is 
at  the  most  a  temporary  one,  and  one  which  must  be  changed 
with  the  advance  in  the  efficiency  of  the  gas  engine. 

But  the  most  serious  objection  to  the  selection  of  the  standard 
for  comparison  is  that  it  is  based  upon  the  consumption  of  a 
certain  number  of  cubic  feet  of  natural  gas  per  horse-power  and 
per  minute.  This  number  will  be  a  different  one  for  all  other 
kinds  of  gas,  and  even  for  the  various  grades  of  natural  gas,  and 
for  two  reasons:  first,  because  of  the  different  number  of  British 
thermal  units  contained  in  one  cubic  foot  of  the  various  gases, 
and,  secondly,  because  the  compression  must  of  necessity  be  a 
different  one  for  each  one  of  the  gases,  upon  which  again  the 
efficiency  depends.  From  this  it  will  be  seen  that  only  engines 
using   the  same   kind   of  gas  can  be   compared   in   the   manner 
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proposed  by  Mr.  Flint;  there  would  have  to  be  as  many  stand- 
ards as  there  are  kinds  of  gas  for  which  engines  are  being  made 
in  the  factory. 

2Ir.  Edward  J.  Chambers.^ — I  almost  think  I  ought  to  apolo- 
gize for  inflicting  a  few  words  upon  you  this  morning,  but  you 
are  such  vampires  for  work  in  America  that  I  don't  know  how  to 
keep  pace  \\dth  you.  I  think  the  next  thing  I  shall  propose  will  be 
that  the  heads  of  these  two  associations  shall  not  exceed  the  age  of 
twenty-five,  because  it  is  hard  for  an  old  man  to  keep  up  with 
the  rush. 

The  paper  we  have  listened  to  is  extremely  interesting  to  me. 
It  is  the  commercial  gas  engine.  I  think  our  thanks  are  really 
due  to  the  author.  At  the  same  time  I  do  not  think  he  has  gone 
far  enough.  I  am  a  thorough  convert  to  the  use  of  gas  engines 
myself.  When  I  hear  you  gentlemen  wasting  your  time  dis- 
cussing the  relative  merits  of  steam  engines  and  electric  motors, 
I  really  pity  you.  Some  ten  years  ago  (I  have  had  the  good 
fortune  to  live  a  long  time,  with  its  attendant  misfortune  also) 
I  had  the  good  fortune  to  have  to  lay  out  my  third  large  works 
in  my  engineering  career.  It  has  not  been  only  to  lay  them  out 
and  pocket  my  fees  and  go  away,  but  lay  them  out  and  work  them 
afterwards  and  make  money  out  of  them.  My  first  experience 
was  putting  down  big  boilers  in  the  center  of  the  work  and  run- 
ning my  shafting  all  over  the  place.  My  second  experience  came 
some  years  afterward,  when  I  thought  I  wouldn't  carry  the  shaft- 
ing all  over  the  place,  but  I  would  carry  the  steam.  So  I  had 
my  big  boilers  and  I  carried  the  steam  all  over  the  works.  If 
you  know  anything  about  steam  (and  probably  you  do),  and  of  the 
small  steam  engine,  you  will  quite  understand  that  I  very  soon 
had  enough  of  that.  Then  I  had  one  of  the  greatest  good  fortunes 
that  ever  fell  to  the  lot  of  an  engineer,  and  that  is  to  be  able  to 
design  and  build  a  third  works  and  fully  equip  it,  and  if  that  isn't 
right  then  I  think  the  designer  ought  to  be  voted  absolutely  no 
good.  I  very  carefully  went  into  steam  then  and  into  electricity. 
I  was  delighted  with  electricity,  but  then  I  had  a  cheque  book  and 
only  a  certain  amount  of  balance  in  the  bank,  and  consequently  I 
didn't  go  in  for  electricity.  For  some  of  you  gentlemen  who  live 
near  Xiagara  I  can  quite  understand  your  adopting  electricity, 
and  I  can  quite  understand  your  adopting  it  under  many  other 
conditions.     I  can  quite  understand,  also,  why  you  gentlemen  who 

*  Member  of  the  Institution  of  Mechanical  Engineers  of  England. 
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live  next  door  to,  and  can  tap  on  the  ground  and  get,  natural  gas 

adopt  it. 

But  let  me  come  to  this  paper,  where,  as  I  said  before,  I  do 
not  think  the  author  has  gone  far  enough.  He  first  of  all  assumes 
that  the  gas  is  going  to  be  all  regular  town  gas.  Had  I  been  com- 
pelled to  use  that  let  me  tell  you  I  shouldn't  have  adopted  gas 
engines,  but  I  have  had  to  make  the  gas,  and  there  are 
various  ways  of  making  it.  I  adopted  the  Dowson  gas 
plant  some  ten  years  ago;  I  started  with  three  small 
engines.  Don't  ever  make  that  mistake.  Have  your 
engines  big  enough.  I  determined  I  would  go  in  for  gas  engines. 
I  started  and  tried  in  a  little  w^ay  at  first,  but  I  had  to  double  my 
power  and  t-ake  the  old  ones  out.  Indeed,  I  had  to  do  that  twice, 
but  that  wasn't  entirely  my  fault.  You  see,  I  had  some  partners, 
and  my  partners  wouldn't  go  the  whole  hog.  Those  cautious 
partners  are  a  great  nuisance  sometimes.  But  I  got  my  big 
engines  after  all.  The  three  engines  run  up  to  about  230  horse- 
power. I  felt  then  that  I  must  do  exactly  what  Mr.  Flint  did,  but 
he  talks  of  it  more  especially  as  the  maker  of  gas  engines,  and 
from  the  calculations  that  our  friend,  Mr.  Mathot,  has  brought 
here,  I  have  no  doubt  that  he  too  looks  at  it  as  the  manufacturer 
of  gas  engines.  But  when  I  caught  sight  of  that  word  "  com- 
mercial," I  said,  "  This  is  business,"  and  I  shall  find  some  way 
where  I  as  a  user  can  learn  something.  It  is  suggested  to  us  that 
brake  tests  should  be  made.  ]^ow,  you  know  perfectly  well  that 
we  have  something  else  to  do  besides  putting  brake  tests  on.  The 
only  brake  tests  which  I  ever  put  on  is  work  in  the  shop.  There- 
fore I  have  got  to  fall  back  on  the  indicator  diagrams  mainly  for 
my  own  test  of  the  engines.  I  have  an  indicator  outfit  attached  to 
every  engine,  and  my  rule  is  to  take  a  diagram  during  the  run  of 
four  hours,  when  the  full  load  in  on. 

What  I  want  is  that  you  gentlemen  should  devote  yourselves 
to  gas  engines,  because  I  tell  you  you  may  do  wonders  with 
electricity,  but  at  the  present  time  gas  engines  hold  the  field. 
After  the  first  twelve  months  I  had  made  up  my  mind  to  test 
in  evers'  possible  way  what  the  result  was.  At  the  end  of  the 
first  twelve  months  I  had  my  accountant  make  up  for  me  a  paper 
showing  how  they  compared  with  steam,  and  I  received  a  most 
extraoFflinarv  result;  I  thought  it  couldn't  be  true,  and  I  went 
over  the  matter  my»<^lf  and  checked  every  item  to  make  sure  they 
were  not  humbugging  me,  and  I  found  out  that  my  costs  had  gone 
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down  about  50  per  cent.,  and  felt  prosperous,  and  you  know 
prosperity  often  does  us  harm.  One  of  the  worst  things  that 
a  nation  can  have  or  an  individual  is  a  long  run  of  prosperity,  and 
this  run  of  prosperity  stopped  me  investigating,  on  the  lines  Mr. 
Flint  has  foUow^ed.  l^ow  when  I  go  home,  in  spite  of  what  little 
prosperity  I  have"  had,  I  w^ill  go  in  for  gas  engine  tests,  and  I  should 
like  to  get  into  correspondence  A\dth  ^^Ir.  Flint,  and  if  I  can  do 
anything  to  add  to  the  information  of  the  members  of  our  brother 
engineering  Society  here,  I  shall  be  only  too  delighted  to  give  you 
the  benefit.  I  shall  go  in  for  having  some  way  of  testing  the  gas 
so  that  I  can  turn  on  the  tap,  get  a  vessel  full  and  know  exactly 
what  the  composition  of  the  gas  is,  because  that  is  the  first  point, 
getting  your  gas  right.  I  will  do  the  best  I  can,  and  I  will  let  the 
members  of  this  Association  -have  the  full  benefit  of  anything  I 
may  be  able  to  accomplish. 

Professor  Jacohus. — The  standard  of  comparison  proposed  by 
the  author  of  the  paper,  where  the  heats  of  combustion  of  the  gas 
used  per  hour  are  plotted  as  ordinates  and  the  brake  horse- 
powers as  abscissae,  is  equivalent  to  what  is  often  done  in  steam 
engine  tests  where  the  water  consumptions  per  hour  are  made 
the  ordinates  and  the  indicated  or  brake  horse-powers  the 
abscissae.  In  either  case  a  curve  is  obtained  which  approaches 
much  more  nearly  to  a  straight  line  than  the  corresponding  curve 
of  heat  or  water  consumption  per  hour  per  horse-powder,  and  for 
this  reason  it  can  be  plotted  mth  greater  accuracy  when  there 
are  but  few  experiments  than  the  corresponding  curve  of  heat  or 
water  consumption  per  hour  per  horse-power.  There  is  as  much 
to  be  gained  by  plotting  this  curve  for  a  gas  engine  as  in  plotting 
the  corresponding  curve  for  a  steam  engine,  and  the  author  does 
well  in  bringing  the  method  forward  and  pointing  out  its  ad- 
vantages. 

In  -computing  the  heat  consumption  the  latent  heat  of  the 
water  vapor  contained  in  the  products  of  combustion  has  been 
deducted.  The  efiiciency  based  on  this  figure  is  greater  than  that 
based  on  the  total  heat  of  combustion  which  includes  the  latent 
heat  of  the  vapor.  In  the  report  of  the  Committee  of  this 
Society  to  codify  and  Standardize  the  Methods  of  Making  Engine 
Tests  it  was  recommended  that  the  total  heat  of  combustion  be 
employed  in  computing  the  efficiency.  The  committee  considered 
this  matter  very  carefully,  as  they  were  aware  that  by  recom- 
mending the  use  of  the  total  heat  of  combustion  they  would  be 
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at  variance  with  what  has  been  done  by  many  prominent  engi- 
neers. They  finally  decided  that  it  was  no  more  logical  to  sub- 
tract the  latent  heat  in  the  water  vapor  in  the  products  of  com- 
bustion of  an  internal  comliustion  engine  than  it  w^ould  be  to 
subtract  the  latent  heat  of  the  exhaust  steam  of  a  steam  engine. 
Suppose  we  have  a  gas  engine  in  which  the  fuel  is  hydrogen  gas, 
and  instead  of  supplying  air  to  burn  this  gas  we  supply  oxygen. 
This  would  give  an  internal  combustion  engine  in  which  the 
working  fluid  would  be  highly  superheated  steam,  and  it  would 
be  no  more  logical  to  deduct  the  latent  heat  of  the  vapor  in  the 
exhaust  of  such  an  engine  than  it  would  in  any  other  engine 
using  steam.  Again  there  are  some  internal  combustion  engines 
where  water  is  injected  and  the  working  fluid  is  thereby  made  to 
contain  considerable  vapor.  If  the  exhaust  of  such  an  engine  is 
say  one-half  water  vapor,  the  fact  that  it  is  illogical  to  deduct  the 
latent  heat  of  the  vapor  in  the  exhaust  is  made  more  apparent 
than  where  the  amount  of  the  vapor  is  small.  Any  vapor  pro- 
duced in  combustion  is  part  of  the  working  fluid  and  does  its 
proportion  of  useful  work  in  the  cylinder;  the  latent  heat  con- 
tained in  the  exhaust  should  therefore  not  be  deducted  from  the 
heat  supplied  to  the  engine  in  computations  of  efl&ciency.  In 
the  report  of  the  Committee  of  this  Society  on  Boiler  Tests  it  is 
recommended  that  the  total  heat  of  combustion  be  used  in  com- 
puting the  boiler  efliciency,  and  the  recommendations  of  the  two 
Conmiittees  of  this  Society  bearing  on  this  point  are  therefore 
the  same. 

It  is  stated  in  the  paper  that  a  stream  of  cooling  water  is  fed 
into  the  brake  wheel  at  one  point  and  is  scooped  out  by  a  station- 
ary pipe  at  another  point.  This  method  is  objectionable  if  there 
is  a  great  quantity  of  cooling  water  circulated,  as  there  may 
be  a  considerable  reaction  produced  against  the  pipe  used  for 
scooping  out  the  water,  which,  together  Avith  the  force  required 
to  acceh'rate  the  water  fed  to  the  wheel,  will  not  be  recorded  on 
the  scales  of  the  brake.  The  readings  for  the  load  on  the  brake, 
will,  therefore,  be  lower  than  they  should  be.  The  best  plan 
to  adopt  in  most  cases,  and  that  recommended  in  the  report  of 
the  engine  test  committee  already  referred  to,  is  to  feed  just 
enough  water  to  the  brake  wheel  to  make  up  for  that  lost  by 
evaporation.  This  will  ordinarily  keep  the  temperature  low 
enough,  and  it  is  a  more  simple  way  of  cooling  the  wheel  than 
the  one  described  in  the  paper. 
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It  is  sometimes  desirable  to  place  a  brake  on  a  wheel  already 
on  an  engine,  and  which  is  not  provided  with  internal  flanges  for 
holding  the  cooling  water.  When  this  is  done  the  wheel  can 
often  be  cooled  bv  allowing'  small  streams  of  water  to  strike  the 
inside  and  the  outside  of  the  rim.  In  such  cases  it  is  best  to 
use  a  rope  brake  as  this  is  the  least  afiected  bv  the  action  of 
the  water.  The  brake  must  be  arranged  to  lift  a  dead  weight 
so  that  when  the  rope  tends  to  bind  fast  to  the  wheel  the  weight 
will  be  raised,  and  the  tension  on  that  part  of  the  rope  which 
passes  around  the  wheel  thereby  diminished.  The  method  of 
using  such  brakes  is  illustrated  in  the  report  of  the  Engine  Test 
Committee  already  referred  to.  AVe  have  frequently  used  the 
cross  lever  device  therein  described  with  good  success.  In  one 
case  where  the  power  was  taken  from  an  ordinary  cast  iron  fly- 
wheel of  over  12  feet  in  diameter,  and  the  net  load  on  the  brake 
was  over  one  ton,  the  brake  gave  steady  readings  in  tests  of  more 
than  ten  hours  duration. 

Mr.  Rudolphe  Matliot. — I  must  first  of  all  apologize  for  my  bad 
English,  but  as  I  am  a  stranger  I  hope  you  will  excuse  me,  and 
if  I  do  not  use  the  right  word  allow  me  to  invent  one  for  the 
purpose. 

You  have  heard  the  valuable  communications  and  discussions 
concerning  the  steam  turbine  and  steam  engine.  In  fact,  they  are 
two  serious  competitors.  But  both  steam  engines  and  turbines  have 
something  more  than  a  competitor;  they  have  a  common  opponent, 
the  gas  engine,  of  which  all  the  partisans  of  steam  engines  and 
turbines  seem  to  be  afraid,  quite  as  if  they  had  to  deal  with  a 
terrible  enemy  which  it  is- better  not  to  talk  about. 

In  Europe  the  importance  of  gas  engines  has  become  so  great 
during  these  last  four  or  five  years,  since  they  have  been  supplied 
from  blast  furnaces  and  special  producers  working  in  the  factory, 
that  there  are  about  200,000  brake  horse-power  on  work  from 
5  up  to  2,000  brake  horse-power. 

And  this  leads  me,  as  a  contribution  to  ]Mr.  Elint's  paper  to  ask 
to  be  allowed  to  read  to  you  a  report  which  shows  remarkable 
figures  of  a  test  upon  a  modern  gas  engine.  I  may  say  that  you 
may  be  quite  confident  with  respect  to  the  truth  of  my  figures. 
Of  course,  I  am  not  a  business  man,  but  an  independent  specialist, 
having  made  a  specialty  for  ten  years  of  testing  all  kinds  of 
gas  engine. 
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REPORT. 

At  the  request  of  Mr.  G.  Stein,  Chief  Engineer  of  the  GASMOT0RE>r  Fabrtk 
Dedtz,  at  Cologne,  Germany,  we  have  tested  a  gas  engine  of  60  brake  horse- 
power supplied  by  a  gas  producer  working  by  suction. 

The  apparatus  was  installed  in  the  testing  shop  at  the  above  firm's  works. 

The  object  of  the  test  was  to  ascertain  the  working  conditions  and  the  fuel 
consumption  of  the  producer. 

The  engine  was  one  of  their  model  G  9,  horizontal,  single  cylinder  with 
valves,  working  after  the  Otto  cycle.  The  ignition  was  magneto  electrical,  and 
a  heavy  fly  wheel  was  fitted  with  outer  bearing. 

The  governor  acted  on  the  stroke  of  the  lever  of  the  inlet  valve  by  the  dis- 
placement of  its  support.  This  realized  the  regulation  by  the  admission  of  a 
"  variable  quantity  of  mixture  at  constant  rate." 

The  generator  was  of  the  "  suction"  type  with  internal  vaporiser  and  overflow 
discharged  in  the  ashpit. 

The  cooling  and  washing  of  the  gas  was  done  in  a  simple  coke  scrubber. 

The  gas  pipe  ended  in  an  expansion  tank  before  the  inlet  to  the  engine. 

A  balanced  Prony  brake  with  water  circulation  was  fitted  on  the  crank  shaft 
and  a  speed  register  recorded  the  total  number  of  revolutions. 

During  nine  hours  working,  diagram  cards  and  explosion  records  were  taken 
every  ten  minutes  with  special  indicators  and  samples  of  gas  and  coal  in  view  of 
chemical  analysis. 

Mr.  J.  LoiiMER,  engineer  in  charge  of  the  testing  room,  assisted  us  in  the  ex- 
periments and  a  foreman  of  the  works  managed  the  brake. 

After  one  hour  of  preparatory  running  under  normal  conditions  of  the  engine 
as  well  as  the  producer,  the  ashpit  was  emptied  and  cleaned  and  the  fire  scraped, 
and  the  hopper  next  filled  up  to  a  certain  height  with  green  coal. 

A  continuous  test  was  test  made  at  full  load  and  at  half  load. 

At  the  end  of  the  test  operations  were  made,  as  explained  above,  to  put  the 
generator  in  its  original  state,  and  after  having  poked  the  fire  in  all  directions  in 
the  crucible  so  as  to  fill  the  holes  which  could  have  been  formed  in  the  fuel,  fresh 
coal  was  recharged  up  to  the  initial  level. 

In  view  of  controlling  and  insuring  the  accuracy  of  the  relatively  short  experi- 
ments, the  fuel  was  weighed  and  charged  every  half  hour  to  maintain  it  nearly 
at  its  initial  level  in  the  hopper. 

From  8.30  till  1  o'clock  p.m.  the  engine  was  kept  under  a  brake  load  of  149 
kilogrammes  (329  pounds)  at  the  end  of  the  lever  of  L  =  1,648  (64'|)  at  an 
average  speed  of  188.66  revolutions  per  minute,  developing  : 

65.11  effective  horse  power. 

The  corresponding  consumption  of  brute  coal  was  :  104.9  kilogrammes  (332 
pounds)  during  4.30  o'clock. 

Without  stopping  the  engine,  the  brake  load  of  74  kilogrammes  (163  pounds) 
was  suddenly  discharged,  the  load  maintained  being  149  —  74  =  75  kilogrammes 
(165  pounds). 

From  1  o'clock  to  5.30  o'clock,  at  an  average  speed  of  195.5  revolutions  per 
minute,  the  engine  sustained  a  load  of  : 

33.85  effective  horse  power. 

The  corresponding  consumption  of  gross  coal  was  80  kilogrammes  (176 
pounds). 


534  CiAS   ENGINE   TESTING   AND    STANDARD   OF    COMPARISON. 

The  two  above  indicated  consumptions  of  104.9  kilogrammes  (332  pounds) and 
80  kilogrammes  [lid  pounds)  refer  only  to  the  fuel  charged  in  the  generator, 
without  deduction  of  ashes,  or  of  the  3  to  4  per  cent,  good  coal  which  had  been 
passed  through  the  grsite  and  picked  out  by  sifting. 

Trials  of  sudden  total  loading  and  unloading  of  the  engine  showed  that 
within  the  space  of  25  to  35  seconds  the  original  speed  was  recovered  according 
to  the  sensitiveness  of  the  governor  and  its  manner  of  operation. 

At  the  other  hand.  50  seconds  after  admission  of  compressed  air  for  automatic 
starting,  the  regular  speed  of  empty  running  was  reached,  while  the  governor  was 
oscillating  two  or  three  times  between  its  extreme  positions,  as  shown  by  the 
ordinates  representing  the  variations  of  initial  pressure  recorded  by  our  "con- 
tinuous explosion  recorder." 

At  the  end  of  the  tests,  all  the  working  parts  of  the  engine  were  examined, 
and  none  of  them  were  found  to  have  been  heated. 

With  regard  to  consumption,  regularity  and  smoothness  of  working,  the 
results  obtained  are  remarkable. 

They  realize  a  real  progress  in  the  construction  of  the  single-acting  Otto 
cycle  engines. 

With  regard  to  the  gas  plant,  the  permanent  quality  of  the  gas  produced 
giving  very  nearly  the  same  calorific  value  at  both  full  and  half  load,  points  out  the 
practical  good  proportions  of  the  generator  and  the  ease  with  which  it  is  driven. 

The  table  below,  and  the  average  types  of  diagrams  and  graphic  records  ap- 
pended hereto,  will  confirm  these  statements. 

Explanation  of  the  Explosion  Record  Card. 
Taken  within,  90  seconds. 
(a)  Period  of  starting  with  compressed  air. 

(6)  Period  of  time  wanted  to  attain  normal  speed  with  engine  running 
without  load  50  seconds. 

(c)  First  starting  explosions. 

(d)  Period  of  oscillating  of  governor. 

{e)  Period  of  regium  of  explosions  at  empty  running. 
(/)  Period  of  gradual  loading  and  regium  of  full  load. 

TEST    OF    A    60-BRAKE    HORSE    POWER    GAS    KNGINE.    TYPE   G  9, 
WITH    A    SUCTION    GAS    PLANT    OF     THE    OASMOTOREN 
FABRIK,   DEUTZ,  at  Coln,  March  15th,  1904. 
Br  R.  Mathot,  Consulting  Engineer,  Brussels. 

TABLE    OF    DATA    OF    THE    TESTS. 
Diameter  of  Piston  D  =  16  "5'  x  Piston  Stroke  C  =  18"9'. 

FULIi    LOAD. 

1.  Average  number  of  revolutions  per  minute n.  188.66 

2.  ('<»rresponding  effective  work B.  H.  P.    65.11 

3.  Average  compression,  per  sq.  inch lbs.  176 

4.  Average  initial  explosive  pressures,  per  sq.  inch ,,     397 

5.  "         final  expansion  pressure,        ,,     ,,     ,,       ,       25 

6.  Vacuum  at  aspiration,  ,,    ,,     ,,       ,         4.4 

7.  Average  mean  pressure  on  piston,        ,,    ,,     , ,       81 

8.  CorresjKjnding  indicated  liorse-power,  per  sq.  inch HIP.  77 
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Fuel. 
9.  Nature  of  fuel  :  Anthracitous  coal,  10/20  m/m. 

10.  Origin  :  Coalpit  of  Zeche.     Morsbacli  at  Aix  la  Chapelle. 

11.  Chemical  Composition  of  coal  : 

Carbon,  83.22^.  Sulphur,    0.44^. 


Hydrogen,  3.31^.  Ashes,        7.33 


Nitrogen  and  Oxygen,    3.01;«.                  Moisture,  2.69/». 
13.  Calorific  value BTU.  13,650 

Gas. 

13.  Chemical  composition  of  gas  : 

Carbonic  acid,    6.60$^.  Marsh  gas,  0.57^. 

Oxygen,  0.30$2.  Carbonic  oxide,  24.30^. 

Hydrogen,         18.90^.  Nitrogen.  49.33^. 

14.  Calorific  value  of  gas,  combination  water  at  59°  Fahr.,  at  con- 

stant volume  reduced  to  32°  Fahr.  and  atm.  press BTU.  140 

Temperatures  :  Engine. 

15.  Cooling  water  at  the  inlet  of  the  cylinder  head  at  55.4°  Fahr. 

temperature  at  the  outlet Deg.  F.  109.5 

16.  Temperature  at  outlet  of  cylinder ,,      127.5 

Gas  Generator. 

17.  Temperature  of  water  in  the  vaporizer Deg.        ,,      158.3 

EFFICIENCIES   AND   CONSUMPTION. 

18.  Mechanical  eflBciency %    84.6 

19.  Consumption  of  brute  coal  per  B.  H.  P.  and  per  hour lbs.      0.85 

20.  Thermal  efficiency  related  to  the  effective  work  and  the  brute 

coal  consumed  in  the  gas  generator %    24.3 

HALF   LOAD. 

Work. 

1.  Average  number  of  revolutions  per  minute n  =r  195.5 

2.  Corresponding  effective  work B.  H.  P.    32.83 

3.  ,,  average  compression lbs.  125 

4.  Average  initial  explosive  pressure ,,     258 

5.  ,,    final  expansion     ,,       18 

6.  Vaccuum  at  aspiration ,,         6.8 

7.  Average  mean  pressure  on  piston , ,       46.2 

8.  Corresponding  indicated  power I.  H .  P.  45 

9.  Speed  variation  between  full  and  half  load '/c       3.5 

CONSUMPTION. 

10.  Consumption  of  brute  coal  per  B,  H.  P.  and  per  hour lbs.  1,155 

•  RUNNING   EMPTY. 

1.  Average  number  of  revolutions  per  minute .n  =  199 

2.  Minimum  corresponding  compression lbs.    95.55 

3.  Average  initial  explosive  pressure ,,    220 

4.  ,,         filial  expansion         ,,         ,,        0 

5.  Vacuum  at  aspiration   , ,  8.8 

6.  Average  mean  pressure  on  piston ,,  11.2 

7.  Corresponding  indicated  horse-power .1.  H.  P.  11 

8.  Speed  variation  between  full  load  and  empty  running %  5.2 
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The  following  report  of  tests  made  on  a  fonr  cycle 
double-acting  gas-engine  of  200  liorse-power  in  the  shops 
of  the  Societe  des  Moteurs  a  Gas  Otto-Deutz  at  Cologne-Deutz 
is  signed  by  Prof.  Aime  Witz,  Engineer  of  Arts  and  Manufac- 
tures; by  Kudolph  Mathot,  Consulting  Engineer,  and  by  Mr.  Ch. 
de  Herbais  de  Thun,  Engineer  of  Arts  and  Manufactures.  The 
test  was  made  March  14th  and  15tli,  1904. 

Installation. 

1.  The  motor  is  a  single  cylinder  double-acting  four-cycle 
Otto-Deutz  macliine,  with  poppet  vah^e  and  electric  ignition. 
Governing  is  done  by  the  variable  opening  of  the  valve  which 
admits  the  mixture.  The  fulcrum  of  one  of  the  controlling 
levers  is  shifted  by  the  governor.  The  jacket  of  the  cylinder, 
the  exhaust  valves  and  the  nozzle  of  the  exhaust  pipe  are  cooled 
by  water  circulation  with  visible  outlet  independent  of  each  other. 
Each  pipe  is  furnished  with  a  controlling  valve  at  its  outlet. 
The  piston  and  its  rod  are  cooled  by  a  special  circulation  of  water 
with  visible  discharge,  equally  under  control,  and  working  under 
a  pressure  of  about  one  kilogram.  The  pipes  w^hich  bring  the 
air  and  the  gas  have  butterfly  valves,  enabling  the  quality  of  the 
mixture  drawn  into  the  cylinder  to  be  varied. 

2.  An  aspiration  producer  of  the  Otto-Deutz  system  is  made 
up  of  a  producer  with  interior  vaporizer  and  two  coke  scrubbers. 
The  producer  carries  at  its  upper  part  a  hopper  with  double 
closure  and  an  arrangement  which  prevents  simultaneous  opera- 
tion of  the  two  closures.  The  overflow  from  the  evaporation  pan 
can  be  directed  either  into  the  ash-pit  or  into  the  sewer.  On 
leaving  the  producer,  the  gas  passes  down  through  a  conduit 
towards  the  base  of  the  first  scrubber  and  leaves  the^top  of  the 
first  to  enter  in  the  same  manner  into  the  base  of  the  second,  and 
leaves  the  top  of  the  second  scrubber  to  pass  to  the  motor. 

The  following  data  arei  significant: 

Diameter  of  tlie  Piston 540  mm. 

Stroke  of  Piston 700  mm. 

Piston  Rod  Diameter 120  mm. 

Diameter  of  I^rolongation  of  Rod 110  mm. 

Ilorse-Power  of  the  Motor 200  H.  P. 

Revolutions  per  minute 150 
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The  observations  of  the  test  covered  the  following  points: 

I.  Regularity. 

II.  Effective  Power. 

III.  Consumption  of  Combustible. 

IV.  Consumption  of  Water. 

V.     Temperatures  of  Gas  and  Water. 
VI.     Analysis  of  Gas  and  Coal. 

I.  Regularity. 

Diagrams  were  taken  and  graphic  registrations  to  inform  the 
experimenters  concerning  the  conditions  of  governing.  Curves 
were  taken  when  the  motor  was  running  at  about  half  charge 
and  simultaneously  the  speed  of  the  motor  was  observed  every 
thirty  seconds  by  readings  of  the  counter.  The  curves  denote  a 
great  regularity  in  the  initial  pressures  of  the  explosion.  By 
suppressing  the  ignitions  on  one  of  the  faces  of  the  piston,  an 
immediate  increase  in  initial  pressure  of  the  explosions  appeared 
upon  the  other. 

By  suppressing  the  admission  of  mixture,  the  pressure  of  ex- 
plosions decreases  gradually  from  IT  kilos,  to  -i  kilos.  The  mean 
number  of  revolutions  was  152.22,  with  a  ranae  from  a  minimum 
of  144  and  a  maximum  of  156,  or  a  difference  of  12  revolutions 
per  minute  or  8  per  cent. 

It  is  to  be  remarked,  that  between  the  irregular  distances 
given  on  the  curves  between  the  condition  for  half  charge  and 
no  load,  the  differences  are  proportional  to  the  above  differences 
of  speed.  The  correctness  of  the  diagram  is  thus  confirmed. 
In  the  course  of  the  tests  on  mixture,  the  speed  of  the  motor  was 
kept  sensibly  constant  between  the  limits  of  149.1  and  151.8 
revolutions  per  minute.  The  variation  is  thus  only  1.75  per 
cent.  The  operation  of  the  machine  was  distinctly  regular  and 
there  was  no  abnormal  heating  observed  of  any  part. 

II.  Effective  Power. 

This  was  detennined  by  means  of  two  Prony  brakes,  mounted 
on  pulleys  fastened  to  the  motor  shaft.  The  first  brake  (A)  has 
an  arm  of  2.04  metres,  which  was  not  exactly  balanced  with  re- 
spect to  itself.  The  weight  necessary  to  balance  it  was  9  kilos., 
which  should  be  deducted  from  the  gross  weights  on  the  brake. 
The  second  brake  {B)  was  exactly  balanced  in  the  presence  of  the 
observers;  its  lever  arm  was  2.06  metres.  The  number  of  turns 
was  registered  by  an  integrating  counter  mounted  on  cam  shaft. 
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The  relative  readings  respecting  the  weights  on  the  lever  arms 
and  the  speed  gave  the  following  values: 


Bate. 
Mar.  4 

Mar.  15 


Leugth  of  Tests 
in  Hrs. 

8 
3 


Mean  Speed. 
R.P.M. 
151.29 
151.29 


Brake. 
A 
B 


Horse  Power. 
103.48 
110.74 


Total: 

214.23 

10 

150.20 

A 

110.18 

10 

150.20 

B 

113.65 

Total 


232.83 


Fuel  Consumption. 

The  observations  relative  to  fuel  consumption  belong  to  three 
distinct  periods. 

The  first  period,  March  14,1904,3  P.M.— 6  P.M.,  or  three  hours, 
covered  the  running  of  the  motor  and  the  producer  being  contin- 
uously charged  at  intervals.  After  stirring  the  fire  and  cleaning 
the  grate  the  producer  was  filled  with  fuel  to  a  determined  level. 
The  additions  during  the  running  were  made  at  regular  intervals 
and  were  thirty  kilos,  every  half  hour.  At  the  end  of  the  period, 
after  stirring  the  fire  and  cleaning  the  grate,  the  original  level 
was  established. 

The  second  period,  on  the  14th  and  15th  of  March,  was  that 
during  which  the  produceT  was  working  by  natural  draft  with- 
out addition  of  fuel  from  the  end  of  the  first  period  to  the  be- 
ginning of  the  third.  The  mechanism  of  the  charging  box  was 
kept  in  a  closed  position  during  all  this  period  by  waxed  seals 
affixed  by  the  observers. 

The  third  period,  from  8.20  A.M.  to  6.20  P.M.,  or  ten  hours, 
covered  the  regular  working  of  the  installation  with  continuous 
feeding;  the  operations  which  were  performed  during  the  first 
period  were  repeated  for  the  third.  Below  are  the  data  of  the 
observations : 

MOTOR. 


!riod 

Lcntrth 
Hrii. 

Mean  Speed 
Rev.  per.Min. 

Mean  Effec- 
tive Work. 

H.P. 

Total 
Fuel 
Consmpt. 
Kilos. 

Fuel 
Kilos. 

Fuel  per 
H.P.  per 
Hour. 
Grams. 

I 

3 

151.39 

214.23 

270 

90 

420 

II 

11 .  02 

,  , 

21.7 

1.55 

III 

10 

150.30 

222.83 
220  84 

726.7 
1018.4 

72.67 
78.34 

336.13 

18 

354.73 

It  should  be  notfd  that  at  the  middle  and  at  the  end  of  the 
third  period  there  was  recharged  into  the  producer  62.5  kilos,  of 
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coal  cinders  and  utilizable  small  fuel  which  it  was  convenient  to 
take  note  of,  but  of  which  account  need  not  be  taken. 

lY.  Consumption  of  Water. 

Arrangements  w^ere  made  to  secure  a  measurement  of  the 
necessary  water  both  for  cooling  the  engine  itself  and  the  cooling 
of  the  gas  as  well  as  for  the  generation  of  the  steam  necessary 
for  the  use  of  the  producer.  The  water  meters  had  been  placed 
on  the  pipe  which  brings  the  water  to  the  motor  and  on  that 
which  supplied  the  sc rubbers . 

A  weir  of  constant  output  standardized  by  the  courtesy  and  care 
of  Mr.  Winand  to  within  an  error  of  two  per  cent,  had  been  estab- 
lished for  the  water  lea^dng  the  piston  rod.  A  measuring  ap- 
pliance was  placed  above  the  producer  to  measure  the  feed  to 
the  vaporizer,  and  the  water  escaping  from  the  overflow  of  the 
latter  was  caught  and  weighed.  The  mean  hourly  totals  are 
given  in  the  following  table. 

The  observations  refer  to  the  run  in  the  third  period  of  the 
test  and  correspond  to  the  mean  horse-power  of  222.83  developed 
bv  the  eno^ine. 

Consumptiou  Mean  Consumption 

per  hour.  per  H.P.  per  hour. 

Litres.  Litres, 
For  the  Motor. 

Cooling  of  the  cylinder,  exliaust  valves  and  pipe 4.650  20.870 

Cooling  of  the  piston  and  rod 1.750  7.853 

For  the  producer. 

Cooling  of  the  scrubbers 1.429  6.412 

Water  used  in  vaporizer  ....   63.3  0.284 

This  last  consumption  referred  to  fuel  burned  gives  a  ratio  of 

Y.  Increase  of  Temperature. 

Engine. — The  cooling  water  after  its  passage  through  the 
various  jackets  escaped  to  the  free  air  through  curved  pipes,  dis- 
charging into  funnels.  Each  pipe  was  fitted  ^\dth  a  controlling 
valve.     The  diffcTent  pipes  are -designated  as  follows: 

A.  Exhaust  pipe  jacket,  back  end. 

B.  "        valve  jacket,  back  end. 
G.            "        pipe  jacket,  front  end. 

D.  "        valve  jacket,  back  end. 

E.  Cylinder  jacket. 

F.  Piston  and  rod. 
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Producer. — The  water  for  the  vaporizer  had  a  thermometer 
immersed  therein.  The  washwater  for  the  scrubber  flowed  into  a 
receiver  fitted  ^vith  an  overflow  whose  contents  formed  the  hy- 
draulic joint.  Two  thermometers  were  placed  in  the  gas  pipe 
respectively  at  the  exit  from  the  producer  and  at  the  exit  from 
the  second  scrubber.  The  temperatures  of  water  and  gas  were 
taken  at  different  intervals  during  the  test  of  March  15th,  and 
are  given  in  the  following  table.  The  temperature  of  water  de- 
livered to  the  engine  and  to  the  scrubber  remained  sensibly  con- 
stant at  13  degrees  C. 

Time.  8.40  9.10  11.30  12.40  3.15  p.m.   5.23              Mean. 

CA.  63  50  55.5  61  74      39  57.08 

Temperature  of  cooling       \  B.  51  59  57.0  63  66      64  60.08 

water    leaving      the      ^  C.  41  61  55.5  62  62      58.5  56.60-57.18 

engine.                              |  D.  57  65  54.0  58  64      66  60.75 

IE.  40  54  60.0  65  42.5    47  51.41 

Piston 35  51  49.5  49  48.5  52.5    47.66 

Water  from  the  vaporizer  of  the 

producer 56  61  86.5  87  87  88 

Water  leaving  the  scrubbers. ..  33  40  49  50  52.5  51 
Temperature  of  the  gas  leaving 

producer 126  178  250  280  291  294 

Temperature  of  gas  leaving  2nd 

scrubber    17  19  17  18  20  19 

Temperature  of  the  room 16  16  16  16.6  17.5  18 

From  lack  of  preparation  to  this  end  it  was  not  possible  to 
measure  separately  the  delivery  from  the  outlets  A  and  B,  etc. 
AVe  can  therefore  not  calculate  exactly  the  quantity  of  heat  car- 
ried away  by  the  circulation  of  water  in  detail,  but  this  quantity 
can  be  approximately  determined.  The  delivery  from  the  pipe  E 
was  greater  than  that  of  each  of  the  other  pipes,  but  was  not  twice 
this  quantity. 

The  mean  temperature  of  the  water  leaving  these  five  outlets 
will  therefore  be  between  57.18  and  56.22,  which  is  the  mean  cal- 
culated respectively  on  the  supposition  of  equal  discharge,  and 
that  the  discharge  from  C  was  equal  to  twice  that  of  each  of  the 
other  orifices. 

On  this  basis  the  heat  removed  per  hour  by  the  water  will  be: 

From  the  cylinder  and  its  appendages  from  (57.18  —  13)  4650  =  205437  calories 
to  (56.22  -  13j  4650  =  200973  calories. 

of  which  two-fifths  or  two-sixths,  or  80,000  or  68,000  calories,  are 
taken  from  the  exhaust  gases  by  the  circulations  A  and  C. 
From  the  piston  (4766  -  13)  1750  =  60655 
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From  this  is  deduced  that  the  circulation  necessary  to  secure 
normal  working  of  the  engine  would  absorb  a  quantity  of  heat 
per  hour  approximating  180,000  to  192,000  calories,  or  820 
to  870  calories  per  horse-power  per  hour. 

The  coal  used  in  the  course  of  these  tests  was  analyzed  by  our- 
selves. It  contained  2  per  cent,  of  moisture.  The  composition 
of  the  dryed  coal  was  as  follows : 

Fixed  carbon 79 . 8 

Volatile  compounds 17.1 

Ash 3.1 

Highest  calorific  power 8100  calories. 

The  calorific  power  was  determined  on  the  ground  by  means  of 
the  Junker  calorimeter.  Moreover  different  samples  were  taken 
whose  calorific  power  was  determined  by  means  of  the  Witz  eudio- 
metric  bomb  and  the  chemical  analysis  was  made  by  an  engineer 
of  the  Deutz  Company.  The  result  of  these  analyses  was  as 
follows : 

Time.  10.50    12.35     3.50  p.m.    4  35  6 

COa 6.50^  2.90^ 

0 0.80^  0.50^ 

H 18.60^  17.70^ 

Methame 0.64^  0  60$^ 

CO 24,50,'^  29.30^ 

N  48.96^  49.00^ 

Calorific  Power  from  Analysis  in  Calories  at  0°C 

and  760  mm  highest  value 1328  1446 

Calorific  power  from  the  bomb  and  steam  con- 
densed at  15°  C  (highest  value) 1358    1265     1287     1268    1295 

Calorific    power  by  calorimeter  reduced  to    0°C 

(highest  value)  1389 1389  1335  1331 

Ditto  (lower  value)  steam  condensed  at  25°  C 1304  1250    .  1246- 

The  engine  appears  to  us  capable  of  developing  normally  with- 
out disturbance  or  overheating  an  effective  horse-power  of  220 
horse-power  and  the  corresponding  consumption  of  fuel  can  be 
considered  as  remarkably  economical.  The  operation  of  the  as- 
pirating producer  is  very  regular,  and  the  operations  of  charging 
and  of  cleansing  when  made  regularly  and  at  convenient  time 
caused  no  disturbance  in  the  production  of  gas.  'No  deposit  of 
tar  nor  of  dust  was  detected  by  us  and  the  purification  of  the 
gas  appeared  to  be  excellent.  Our  tests  have  established  there- 
fore that  the  double-acting  four-cycle  gas-engine  of  the  Otto- 
Deutz  Company,  fed  by  means  of  an  aspirating  generator  of  the 
Otto-Deutz  tyipe,  is  capable  of  assuring  a  very  regular  and  very 
economical  service. 

36  ^ 
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Table  of  the  elements  of  the  test. 

ENGINE. 

Piston  rod  diameter 540  mm 

Stroke 'i'OO 

Diameter  of  piston  rod 120 

"       '♦         "    prolongation 110 

Full  charge  test.                                                              March  14tli.  March  15th 

1.  Mean  rev.  per  minute 151.29  150.20 

2.  Effective  horse-power  corresponding ...     214.22  222.83 

3.  Duration  of  the  test,  hours 3  10 

4.  Mean  temperature  of  water  degrees,  cent,   after 

cooling  piston 47 .  66 

Same  after  cooling  cylinder  and  appendages..  57.18 

5.  Consumption    of    water,    litres   per    hour    for 

])iston 1750 

Producer. 

6.  Fuel    from    Bonne    Esperance    et    Batterie    a 

Herstal  (Belgium) 

7.  Calorific  power 8100  calories 

8.  Consumption  of  fuel  (kilos),  per  hour  (24-1  kilos 

were  burned  during  night  of  14-15) 90  72.67 

9.  Consumption  of  water  litres  per  hour. 

Vaporizer 63.3 

Scrubber  . 1429 

1 0.  Mean  temperature  of  gas  leaving  the  generator.  292° 
Mean  temperature  of  gas  leaving  scrubber. . .  17° 

ECONOMY. 

12.  Gross  consumption  of  coal  per  H.  P.   per  hour 

each  test-grams 420  326.12 

Mean  consumption  including  that  during  a 

stop 354.7 

Mean  consumption  corrected  for  moisture. . .     411.16     347.61  319.60 

13.  Thermal  economy  referred  to  effective    horse- 

power and  dry  coal  consumed  in  producer. 

(a)  Eachtest 0.190  0.244 

(b)  Mean  .    0.216 

14.  Consumption  of  water    per    horse-power    per 

hour  in  litres. 

(a)  Cylinder  and  appendages . .  -  20.870 

(6)  Piston 7.853 

(c)  Vaporizer 0 .  284 

(d)  Wa.shing  the  gas 6 .  412 

Consumyttion  of  vaporizing    water  in  kilos. 

per  gram  of  fuel.  0.871 

(Signed)  B.  Mathot, 

A.  Witz, 
De  Ilerhais  De  Thun. 
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Mr.  William  P.  Flint." — I  must  plead  ignorance  as  to  the  rec- 
ommendation of  a  committee  of  this  Society,  that  the  total,  rather 
than  the  effective  British  thermal  nnits,  be  used  for  calculating 
gas  engine  efficiencies. 

Where  the  efficiency  of  a  gas  engine  is  to  be  compared  with 
a  steam  engine,  the  total  heat  is  certainly  the  one  which  should  be 
used,  but  where  two  similar  gas  engines  are  to  be  compared,  one  of 
which  may  be  running,  for  instance,  on  producer  gas  having  a 
large  percentage  of  hydrogen,  and  the  other  on  blast  furnace  gas 
containing  practically  no  hydrogen,  the  effective  British  thermal 
units  furnishes  a  better  basis  for  comparison  than  the  total  does. 

The  method  of  reducing  results  to  the  arbitrary  100  horse-power 
basis  is  not  alone  valuable  for  comparing  similar  engines  on  a  given 
gas.  It  has  value  for  comparing  gas  engines  of  different  t}^es, 
and  on  different  fuels,  for,  by  eliminating  the  large  displace- 
ment of  the  curves  due  to  differences  of  size,  it  makes  apparent  the 
differences  both  of  power  obtained  per  unit  of  displacement  and 
of  economy. 

It  should  be  remembered  that  the  basis  proposed  is  based  on  the 
mixture  volume,  and  not  on  the  gas  volume  drawn  in.  The  heat 
values  of  different  commercial  fuel  gases  vary  widely,  but  the  heat 
values  of  the  gases  per  cubic  foot  of  explosive  mixture  do  not  vary 
more  than  about  50  per  cent.,  hence  results  obtained  with  the 
different  gases  may  be  intelligently  compared  when  plotted  on  the 
lines  proposed  in  this  paper. 

I  wish,  in  closing,  to  thank  Mr.  Chambers  for  his  interesting- 
comments,  and  hope  I  shall  have  a  chance  to  learn  from  him 
something  of  his  experience  in  England. 

*  Author's  closure,  under  the  Rules. 
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No.  10J12.* 

ROAD     TESTS    OF    CONSOLIDATION  FREIGHT    LOCO- 
MOTIVES. 

BT   E.    A.   HITCHCOCK,   COLUMBUS,   O. 

(Member  of  the  Society.) 

1.  The  matter  contained  in  this  paper  is  presented  to  the  So- 
ciety, not  only  for  the  purpose  of  showing  the  engine  performance 
of  a  particular  type  of  locomotive  working  under  every-day  road 
conditions,  but  to  show  by  complete  boiler  heat  balance  all  the 
losses  incurred  for  the  particular  conditions  encountered,  and 
thereby  being  able  to  make  comparisons  of  the  locomotive  boiler 
under  actual  working  conditions,  and  the  stationary  water-tube 
type,  as  described  in  Paper  ISTo.  997,  Volume  XXIV.  of  the 
Transactions,  the  same  methods  for  determining  the  heat  bal- 
ance being  employed  in  all  cases. 

2.  Through  the  courtesy  of  the  officials  of  the  Hocking  Valley 
Railroad,  and  especially  that  of  Mr.  S.  S.  Stiffey,  Superintendent 
of  Motive  Power,  a  series  of  three  trials  was  arranged  and  con- 
ducted as  thesis  work  under  the  direction  of  the  writer,  by  Messrs. 
E.  G.  Bailey,  H.  E.  Williams  and  E.  E.  Rightmire  of  the  1902 
senior  class  in  Mechanical  Engineering  at  Ohio  State  University. 
These  parties  w^ere  ably  assisted  by  Mr.  W.  A.  Johnson  of  the 
senior  class. 

3  Also  during  the  spring  of  1903  another  set  of  trials  was 
made  to  serve  as  a  check  on  the  work  of  the  previous  year,  slight 
modifications  being  made  in  connecting  up  some  of  the  apparatus 
used  and  also  in  the  application  of  additional  apparatus. 

4.  These  trials  were  carried  on  as  thesis  work  by  Messrs.  W.  B. 
Morris,  O.  Z.  Linxweiler,  D.  M.  Boothman  and  W.  R.  Judson, 
members  of  the  1903  class,  ably  assisted  by  Mr.  E.  G.  Bailey, 
Fellow  in  Experimental  Engineering. 

♦  Presented  at  the  Chicago  meeting  (May  and  June,  1904)  ot  the  American 
Society  of  Mechanical  Engineers,  and  forming  part  of  Volume  XXV.  ol  the 
Traraactumt. 
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LEFT  CYLINDER 


Fig.  179. 

Brooks  Locomotive  No.  230.    Run  No.  1.    Scale  of  Spring  100. 
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RIGHT  CYLINDER 


Mile  Post    109 
Reverse  Lever   6 
Bev.  per  Min.    47.1 


Fig.  180. 

Brooks  Locomotive  No.  230.    Run  No.  1.    Scale  of  Spring  100. 
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5.  The  locumotives  used  first  were  a  Brooks  and  Baldwin  of 
the  ten-wheel  consolidated  type,  dimensions  for  which  are  given 
in  the  following  pages.  Brooks  'No.  230,  which  had  been  in  ser- 
vice about  one  year,  was  thoroughly  cleaned  just  previous  to  the 
trial,  receiving  a  new  set  of  flues.  Bald^\dn  No.  240  was  com- 
paratively new,  having  been  in  service  four  weeks,  the  boiler, 
however,  was  thoroughly  washed  out  just  previous  to  the  trial. 
For  the  trials  of  1903  only  one  locomotive  was  used.  Brooks  No. 
257,  its  dimensions  being  identical  with  that  of  No.  230.  This 
engine  was  comparatively  new,  having  been  in  service  only  four 
months,  it  simply  being  washed  out  previous  to  the  runs. 

Preparation. 

6.  For  determination  of  the  amount  of  feed  water  rather  than 
use  the  unreliable  meter,  the  tank  of  each  locomotive  was  care- 
fully calibrated  by  adding  weighed  quantites  of  water  and  noting 
the  rise  in  the  tank  by  means  of  glass  tubes  on  scales  graduated  in 
hundreds  of  feet  and  placed  on  each  side  of  the  tank  in  the  ver- 
tical plane  of  its  center  of  gravity.  * 

7.  The  Barrus  calorimeters  for  moisture  determinations  were 
connected  to  both  the  steam  dome  and  the  valve  chest.  In  the  first 
case  the  sampling  tube  of  the  standard  form  extended  alongside 
of  the  throttle  valve,  while  for  the  other  case  the  sampling  tube 
extended  into  the  steam  chest  by  the  way  of  the  relief  valve  con- 
nection, the  calorimeter  connection  passing  through  the  side  of  the 
relief  valve  and  connecting  by  means  of  an  elbow  to  the  sampling 
tube. 

8.  For  obtaining  temperature  of  escaping  gases,  a  Hohmann  and 
Maurer  mercurial  pyrometer  extended  through  the  side  of  the 
smoke  box  and  just  in  front  of  the  netting. 

9.  For  temperature  of  injector  discharge  the  branch  pipes  just 
beyond  the  injectors  were  provided  with  brass  thermometer  wells. 
Water  manometers  were  located  in  the  cab  for  obtaining  draft 
in  smoke  box,  fire  box  and  ash  pan,  connection  being  made  to 
these  manometers  by  J-inch  pij>e  and  rubber  tubing. 

For  obtaining  samples  of  the  products  of  combustion,  a  jacketed 
sampling  tube  was  constructed  of  |-inch  pipe  placed  inside  of 
1-inch  pipe.  Its  length  was  5  feet,  and  extended  across  the  smoke 
box  on  the  horizontal  diameter  just  in  front  of  the  netting.  The 
f-inch  pipe  plugged  at  the  enclosed  end  had  connecting  to  it,  6 
inches  apart,  nipples  passing  through  and  expanded  into  the  1-inch 
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pipe.  The  inner  end  of  the  1-inch  jacket  pipe  opened  into  the 
smoke  box,  while  to  the  outer  end  a  connection  was  made  to  the 
discharge  of  the  steam  chest  calorimeter.  The  sampling  tube 
jacketed  in  this  manner  prevented  any  chemical  reaction  between 
the  iron  and  COg  on  account  of  the  high  temperature. 

10.  The  form  of  apparatus  used  for  collecting  the  samples  of 
flue  gas,  suggested  by  Prof.  'N.  W.  Lord,  and  described  and  illus- 
trated in  his  recent  publication,  "  Notes  on  Metallurgical  Analy- 
sis," p.  179,  consists  of  a  1,000  c.  c.  bottle  partially  filled  with  cot- 
t-on,  this  bottle  being  connected  to  the  f-inch  sampling  tube,  and 
also  through  a  tee  to  a  two-ounce  bottle  containing  mercury,  this 
mercury  bottle  being  connected  to  a  steam  aspirator  receiving  its 
steam  from  the  steam  chest.  To  the  other  branch  of  the  tee  above 
the  two-ounce  bottle  was  connected,  by  rubber  tubing  with  a  pinch 
cock,  the  tube  for  collecting  the  sample.  These  collecting  tubes 
are  of  glass  about  1  foot  long,  H  inches  in  diameter,  drawn  down 
at  each  end,  and  have  a  cubic  contents  of  about  250  c.  c.  These 
tubes  are  first  filled  with  water  and  closed  by  glass  plugs  put  into 
short  rubber  tubes  on  the  contracted  ends.  In  drawing  a  sample 
of  gas,  a  collecting  tube  is  first  connected,  as  spoken  of  above.  To 
the  lower  end  of  this  tube  is  connected  by  rubber  tube  a  glass 
bulb,  to  the  lower  end  of  which  is  connected  by  a  long  rubber  tube 
a  larger  bulb  for  retaining  water  when  employing  the  collecting 
tube  in  drawing  a  sample  of  gas.  After  drawing  a  sample,  and 
the  collecting  tube  is  free  of  water,  it  is  sealed  at  each  end  with 
the  glass  plugs  and  then  placed  in  an  especially  prepared  case. 
This  sampling  apparatus  was  fastened  to  the  plate  on  the  front 
of  the  boiler,  thereby  making  it  of  convenient  height  for  the  per- 
son manipulating  same  when  standing  on  the  pilot. 

11.  Crosby  indicators,  one  on  each  cylinder,  with  three-way 
cocks  were  used.  The  connecting  pipes  were  f-inch  with  easy 
bends  and  well  covered  with  magnesia.     Scale  of  spring  100. 

12.  The  reducing  motion  was  the  double-slotted  pendulum  type 
with  sliding  block  connected  to  cross  head,  and  also  a  sliding  block 
receiving  motion  for  the  indicator  and  transmitting  such  to  same 
by  a  rigid  connection,  so  that  the  indicator  cord  used  was  not  over 
1  foot  long. 

13.  For  obtaining  the  number  of  revolutions  a  continuous 
counU'r  was  fastened  to  one  of  the  forward  boiler  braces  in  a 
convenient  position  to  read,  receiving  its  motion  from  the  reduc- 
ing motion. 
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LEFT  CYLINDER 
MUePost    89 


Fig.  181. 
Brooks  Locomotive  No.  230.    Run  No.  1.    Scale  of  Spring  100. 
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ITION    FREIGHT   LOCOMOTIVES. 


RIGHT  CYLINDER 

Mile  Post 
Reverse  Lever    1 


Fig.  182. 

BrookHL«comotlTeNo.830.    Ran  No.  1.    Scale  of  Spring  100. 
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14.  A  continuous  counter  was  also  connected  to  the  air  pump, 
receiving  its  motion  from  a  clamp  on  the  piston  rod,  the  rod  slip- 
ping through  the  clamp  v^hen  against  either  stuffing  box. 

Method  of  Conducting  Trials, 

15.  The  coal  was  weighed  in  small  quantities  and  thrown  on 
the  tender  loose,  mth  the  exception  of  from  1,500  to  2,000  pounds, 
which  was  placed  in  sacks  of  100  pounds  each,  to  be  used  at  the 
end  of  the  trial.  At  the  time  of  coaling  a  sample  was  taken  for 
analysis.      , 

16.  The  fire  was  cleaned  about  one  and  one-half  hours  before 
starting.  Just  before  coupling  onto  the  train  the  fire  was  shaken 
down  and  ash  pan  cleaned,  when  at  the  start  the  depth  of  the 
fir©  w^as  noted  and  also  height  of  water  in  the  boiler,  or  in  other 
words,  the  alternate  method  for  starting. 

At  the  end  of  the  trials  the  same  method  was  pursued  and  refuse 
drawn  from  the  pan,  weighed  and  sampled  for  analysis. 

17.  The  number  of  injector  applications  was  noted  and  a  cor- 
responding correction  made  for  the  loss  at  the  overflow,  also  the 
number  of  times  of  popping  of  safety  valve  with  duration,  the 
loss  of  steam  from  this  direction  being  determined  from  a  test  of 
the  pop  valve. 

18.  All  readings  and  indicator  cards  were  taken  at  every  mile 
post  over  the  heaviest  grade  of  the  road,  but  when  on  the  lighter 
or  reverse  grades,  on  account  of  the  much  higher  rate  of  speed, 
readings  were  taken  at  every  second  mile  post.  The  time  at 
passing  mile  posts  was  noted  and  also  the  time  by  stop  watch  that 
the  revolution  counter  indicated  30  revolutions,  from  which  revo- 
lutions per  minute  were  obtained. 

19.  The  flue  gas  samples  for  the  whole  trip  were  taken  at  every 
fourth  mile  post  and  these  samples  analyzed  by  the  Orsat  ap- 
paratus the  following  day. 

20.  In  making  the  first  three  trials,  it  was  anticipated  that 
sufiicient  cinder  and  combustible  matter  for  analysis  would  collect 
in  the  front  end,  but  as  the  two  engines  thoroughly  cleaned  them- 
selves, it  was  necessary  to  make  a  subsequent  run  under  similar 
conditions,  catching  an  average  sample  of  combustible  matter 
leaving  the  stack.  This  Avas  done  by  a  spark  collector  fastened 
to  the  rear  of  the  stack.  This  collector  was  a  tight  pine  box 
3  feet  long,  2  feet  deep  and  1  foot  wide.  A  funnelshaped  piece 
of  galvanized  iron  pipe,  4^  inches  diameter  at  the  large  end, 
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pa>sed  through  the  lid  of  the  box  at  one  end,  reaching  within  9 
inches  of  the  bottom.  To  the  upper  or  small  end  of  this  conical 
pipe,  was  connected  a  J-inch  "  return  bend "  brass  pipe  with 
chamferred  end,  extending  just  down  into  the  stack.  This  brass 
pipe  was  free  to  swing  across  the  stack  at  an  angle  of  45  degrees 
to  the  center  line  of  the  double  exhaust  nozzle,  the  movement 
being  controlled  from  the  running  board  and  so  arranged  as  to 
lock  in  three  different  positions.  The  interior  of  the  box  was 
divided  bv  tAvo  baffle  plates,  so  as  to  change  direction  of  gases 
passing  through  the  box,  thereby  making  deposit  of  ^olid  matter 
more  positive,  and  in  order  to  relieve  the  pressure  caused  by  the 
exhaust  at  the  same  time  preventing  escape  of  combustible  matter, 
about  30  per  cent,  of  the  lid  at  the  opposite  end  from  the  conical 
pipe,  was  made  of  fine  Avire  gauze  and  so  arranged  that  this  gauze 
could  be  easily  removed  and  cleaned,  as  the  smoke  in  combination 
mth  the  steam  would  after  a  time  clog  the  screen.  From  the 
stack  sample  and  the  analysis  of  the  coal  and  refuse  on  this  aux- 
iliary trial,  the  loss  through  the  stack  for  the  previous  trials  was 
computed. 

21.  On  the  four  trials  of  the  following  year  this  same  appara- 
tus was  used,  but  improved  somewhat  by  lining  the  box  with 
galvanized  iron,  as  it  was  found  that  the  lumber  soon  dried  out 
and  opened  up  sufficiently  in  places  to  admit  exit  of  soot.  This 
was  entirely  eliminated  with  the  lining,  the  only  opportunity 
for  escape  of  the  products  of  combustion  being  through  the  brass 
gauze. 

22.  The  four  trials  of  1903  were  conducted  in  the  same  manner 
as  the  three  of  the  previous  year  with  some  slight  additions  of 
apparatus,  change  in  location,  etc.,  i.e.,  a  Thompson  indicator  was 
connfcted  to  the  steam  chest  on  one  side  while,  as  before,  a  Bar- 
ms calorimeter  connected  with  the  opposite  side.  These  were 
reversed  on  trials  ^N'o.  6  and  ]^o.  7.  The  steam  aspirator  for  the 
flue  gas  sampling  apparatus  was  connected  to  the  calorimeter 
fiampling  tube  at  the  dome,  as  was  also  the  steam  gauge.  The 
aspirator  located  at  this  point  with  -J-inch  pipe  leading  to  the  front 
end  gave  much  better  satisfaction  since  the  aspiration  was  con- 
stant and  not  intermittent  when  connected  to  the  steam  chest 
as  in  trials  No.  1  and  No.  3.  The  pressure  gauge  connected  to 
the  dome  liad  its  advantages  in  location  over  the  regular  gauge 
in  the  cab,  since  it  could  be  a  standardized  gauge,  easily  removed 
between  runs  and  standardized  at  any  time. 
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LEFT  CYLINDER 


Mile  Post  106 
Reverse  Lev^er  8 
Rev.  per  Min.  31.2 


Pig.  183. 
Baldwin  Locomotive  No.  240.   Ran  No.  3.    Scale  of  Spring  100. 
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MUe  Poet  106 
Reverse  Lever  8 
Itev.  per  Min.  31.2 


Fig.  184. 

Baldwin  Loromot ive  No.  240.     Run  No.  .3.     Scale  of  Spring  100. 
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23.  The  airpump  couiiter  was  placed  in  a  more  convenient 
position,  i.e.,  on  top  of  the  air  cylinder  and  worked  by  means  of 
a  small  plunger  working  in  a  brass  cylinder  connected  to  the  air 
pump.  The  amount  of  steam  used  by  the  air  pump  in  all  cases 
was  computed  from  data  furnished  by  the  'New  York  Air 
Brake  Co. 

24.  For  assistance  rendered  and  suggestions  given  we  are  in- 
debted to  Prof.  JST.  W.  Lord,  in  whose  department  all  the  chem- 
ical work  was  carried  on  and  calorific  determinations  of  coal  and 
stack  refuse  made. 


General  Dimensions. 

H.  V.  Railway  Locomotives.  No.  230.  No.  240. 

Make Brooks.  Baldwin. 

Weight  on  drivers 133,500  lbs.  131,090  lbs. 

Weight  on  truck  wheels 17,000  lbs.  14,650  lbs. 

Total  weight 150,500  lbs.  145,740  lbs. 

Weight  of  tender  loaded , 104,000  lbs.  100,000  lbs. 

Wheel  base,  driving. 15  feet.  15  feet. 

"    total  of  engine 23  ft.  1  in.  23  feet. 

"         "    total  of  engine  and  tender 

Total  length,  engine 37  ft.  9  ins.  37  ft.  9  ins. 

"          "        engine  and  tender 61  ft.  0  in.  61  ft.  0  in. 

Height,  center  of  boiler  above  rails 8  ft.  4  ins.  7  ft.  11^  ins. 

"      top  of  stack  above  rails 14  ft.  5^  ins.  12  ft.  5f  ins. 

Heating  surface,  fire-box 147.7  sq.  ft.  158.9  sq.  ft. 

tubes 1,732.8  sq.  ft.  1,727.8  sq.  ft. 

total 1,880.5  pq.  ft.  1,886.7  sq.  ft. 

Grate  area 31.08  sq.  ft.  30.1  sq.  ft. 

Drivers,  diameter 54  ins.  54  ins. 

"        material  of  centers steeled  c.  i.  steeled  c.  i. 

Main  wheel  fit 7|  ins.  8  ins. 

Truck  wheels,  diameter 30  ins.  30  ins. 

Journals,  driving  axles,  diameter 8  ins.  Si  ins.  &  8  ins. 

"        truck  axle,  diameter 5  ins.  5  ins. 

Main  crank-pin,  diameter 6^  ins.  5|  ins. 

"            "          length 6:^  ins.  5^  ins. 

Cylinder  diameter 20  ins.  20  ins. 

Piston  stroke 26  ins.  26  ins. 

Piston  rod  diameter 3|  ins.  3^  ins. 

Valve  rod  diameter If  ins.  1^  ins. 

Kind  of  piston  rod  packing metallic.  metallic. 

Length  of  main  rod,  center  to  center 10  ft.  71  ins.  10  ft,  2|  ins. 

Steam  ports,  length 18^  ins.  16  ins. 

"          "      width If  ins.  IJ  ins. 

Exhaust  ports,  length 18i  ins.  16  ins. 

width 3  ins.  2^  ins. 

Bridge,  width   H  ins.  1  in. 
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H.  V.  Railway  Locomotives. 
Valves,  kind. 

*•       greatest  travel 

*•       outside  lap 

"       inside  lap  

Boiler,  type 

AVorkin^  steam  pressure 

Material  in  barrel    

Thickness  of  material 

Barrel,  outside  diameters 

Kind  of  seams,  longitudinal , 

"     "       "        circumferential.. 


Tube  sheet,  thickness 

Crown  sheet,  thickness 

Kind  of  crown  slieet  stays , 

Dome,  diameter  outside 

Firebox,  length 

width 

"        depth,  front 

back 

Distance  of  grate  below  fire  door 

Firebox,  material . . . . , 

"  thickness  of  sheets  

"  width  of  water  space 

Grate,  leogth 

"       width 

"      kind 

' '       number  of  bars 

Tubes,  number , 

material 

"      outside  diameter , 

"      length  over  sheets 

Smoke  lx)x,  inside  diameter 

"     length 

Exhaust  nozzle,  single  or  double  . . . . 
"  "       fixed  or  variable. .  . , 

"  "       diameter 

Distance  of  tip  from  center  of  boiler. 

Netting,  kind 

' '        size  of  mesh 

Stack,  kind 

"      diameter 

"       height  al>ove  smoke  box   

Ratio  of  air  space  to  grate  area 

Width  of  air  space 

Tender,  type 

Tank  capacity.    

Kind  of  material 

"Wheels,  diameter 


No.  230. 

No.  240. 

balanced  slide. 

balanced  slide. 

5^  ins. 

5|  ins. 

lin. 

f  in. 

0 

0 

Belpaire. 

Belpaire, 

180  lbs. 

180  lbs. 

carbon  steel. 

carbon  steel. 

-h  in. 

1^6^  in.  and  |  in. 

.  63|ins.  &60ins. 

60ins.  &66iins. 

sextuple  butt 

butt  joint — 

and  quintuple  lap. 

double  riveted. 

double  lap      -J 

lap  joint,  double 
riveted. 

i  in. 

i  in. 

fin. 
radial. 

radial. 

31  ins. 

31  ins. 

9  ft. 

9  ft. 

3  ft.  5  ins. 

3  ft.  4  ins. 

5  ft. 

4  ft.  9^  ins. 

4  ft.  7  ins. 

4  ft.  9i  ins. 

37  ins. 

18i  ins. 

carbon  steel. 

carbon  steel. 

i  in. 

i  in. 

4  ins. 

4  ins. 

9  ft. 

9  ft. 

3  ft.  5  ins. 

3  ft.  4  ins. 

rocking 

rocking 

11 

11 

241 

240 

Shelby  drawn  steel. 

cold  drawn  steel 

2  ins. 

2  ins. 

13  ft.  10|  ins. 

13  ft.  10  ins. 

62  ins. 

60  ins. 

53  ins. 

62  ins. 

single. 

double. 

fixed. 

fixed. 

4i  ins. 

3i  ins. 

4  ins.  above. 

0 

stamped. 

stamped. 

i  in.  X  li  ins. 

i  in.  X  1^  ins. 

straight. 

straight. 

16^  ins. 

17i  ins. 

42  ins. 

47  per  cent. 

36  per  cent. 

|in. 

1  in. 

8-wheeled. 

8-wheeled. 

5,240  gals. 

4,815  gals. 

i  in.  steel. 

i  in.  steel. 

83  ins. 

S3  ins. 
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LEFT  CYLINDER 


Fig.  185. 
Baldwin  Locomotive  No.  240.    Run  No.  3.    Scale  of  Spring  100. 
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RIGHT  CYLIND:ER 


Fio.   186. 
Baldwin  Locomotive  No.  240.    .Run  No.  3.     Scale  of  Spring  1(h). 
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H.  v.  Railway  Locomotives.  No.  230. 

Journals,  diameter 4^  ins. 

length Sins. 

Distance  between  centers 5  ft. 

Wheel  fit 

Diameter  of  center  of  axle 4|  ins. 

Length  of  tender  over  bumper  bar   23  ft.  3  ins. 

Length  of  tank 19  ft.  6  ins. 


Width  of  tank 9  ft.  11  ins. 

Height  of  tank  to  collar  4  ft.  6  in. 

Tires  make  \     midvale,  open 

iires,  make -j  hearth. 

Sight  feed  lubricator Michigan. 

Front  and  back  couplers Buckeye. 

Safety  valves Coale. 

Sanding  devices ' Leach. 

Injectors Ohio. 

Air  brake  equipment New  York. 

Tender  brake  beam Harden. 

Tender  brake  shoe Brooks. 

Steam  gauges Brooks  steeled. 

1.  Number  of  trial     1 

Date  of  trials May  9. 

Duration  of  trials — total,  hoars 6.23 

Duration  of  trials,  i-unninj  time   4.65 

Duration  of  trials,  steaming  time 4.51 

6.  Number  of  stops 5 

7.  Kind  of  fuel. Hocking. 

8.  State  of  weather Clear.      Cloudy  &  clear 

9.  Direction  of  wind N.  E.         W.  by  S.  W. 

10.  Velocity  of  wind,  miles  per  hour 11 .5  5 


Average  Pi'es.sures. 

11.  Steam  pressure  at  dome lbs. 

12.  Barometer ins. 

13.  Absolute  steam  pressure  lbs. 

14.  Force  of  draft,  front  end ins. 

15.  Force  of  draft,  fire  box ins. 

16.  Force  of  draft,  ash  pan  ins. 

Average  Temperatures. 

17.  External  air deg.  Fahr. 

18.  Escaping  gases "         " 

19.  Feed  water  in  tank "         " 

20.  Feed  water  leaving  injector "        " 

Fuel. 


No.  240. 


5  ft.  4  ins. 
5|  ins. 

23  ft  3  ins. 
21  ft.  7  ins. 
9  ft.  3i  ins. 
4  ft.  10  ins. 
st'd  steel 

works. 

Michigan. 

Buckeye. 

Coale  3  ins  muffled. 

Leach  "  D"  single. 

Ohio. 

New  York. 

Marden. 

Marden. 

Ashcroft. 

1  3 

May  20,  1902 
5.49 
4.47 
4.03 
5 
Hocking. 


21.  Size 

22.  Thickness  of  fire ins. 

23    Weight  of  coal  fired lbs. 


166.4 

170.1 

30.2 

30. 

181.2 

184.8 

3.78 

4.12 

1.75 

2.16 

.19 

.88 

55.6 

83. 

745.3 

730. 

63.5 

72.4 

194. 

195. 

Lump. 

Lump. 

Ito  12  ins. 

12  to  14  ins 

13,240 

10,266 
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H.  V.  Itailway  Locomotives.  No.  230.  No.  240. 

24.  Percentage  of  moisture  in  coal  by  analysis.    , .  .p.  c.  6.72  6.86 

25.  Weight  of  dry  coal  fired lbs.  13.351  9,561 

26.  Weight  of  refuse  in  pan lbs.  580  398 

27.  Percentage  of  refuse  in  pan  to  coal p.  c.  4. 88  3.88 

28.  Combustible  in  refuse lbs.  134  102 

29.  Total  combustible  minus  comb,  in  pan lbs.  10,985  8,687 

30.  Totol  ash  by  analysis lbs.  1,231  772 

31.  Weight  of  ash  passing  flues lbs.  785  476 

32.  Total  refuse  passing  flues lbs.  2,643  1,505 

33.  Percentage  of  ash  lost  to  total  ash p.  c.  63.85  61 .66 

34.  Percentage  of  refuse  through  stack  to  coal p.  c.  19.96  14.66 

35.  Equivalent  coal  actually  burned lbs.  10,885.  8,927. 

36.  Net  dry  coal  burned lbs.  10,154  '  ,315 

37.  Net  combustible  burned lbs.  9,127  7,658. 

Fuel  Analysis— Proximate  Analysis. 

38.  Fixed  carbon percent.  48.69  5t.25 

39.  Volatile  matter "       "  35.29  34.38 

40.  Moisture "       "  6.72  6  86 

41.  Ash "      "  9-30  7.51 

Ultimate  Analysis. 

42    Carbon P^^'  cent.  65 .59  68 .  12 

43.  Hydrogen "       "  5.15  5.34 

44.  Oxygen "       "  16.43  16.96 

45.  Nitrogen "       "  1.39  1.44 

46.  Sulphur '"       "  2.13  .63 

47.  Ash "       "  9-30  7.51 

Analysis  of  Pan  Refuse. 

48.  Combustible percent.  23.05  25.65 

49.  Ash "       "  'J'6.95  74.35 

Analysis  of  Stack  Refuse. 

50.  Combu.stible percent.  70.30  68.37 

51.  Ash "      "  29.70  31.63 

Fuel  per  Hour  Steaming  Time. 

52.  Actual  coal  fired lbs.  2,936.  2,547. 

53.  K(iuivalent  coal  burned lbs.  2,413.  2,215. 

54.  Combu-stible  burned  lbs.  2,024.  1,899. 

55.  Actual  coal  fired  per  square  foot  grate lbs.  94.46  84  62 

56.  F>piivalent  coal  burned  per  square  foot  grate 77.64  73.60 

57.  CombuHtible  burned  per  square  foot  grate 65.12  63.10 

58.  Combustible  burned  per  square  foot  heating  surface  1.076  1.006 
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LEFT  CYLINDER 


Post    IIB 
erse  Lever   4 
per  Min.    51.4 


smePost  84 
Reverse  Lever  7 
Rev.  per  Wm,    36.3 
Pulling  in  on  Siding 


Fig.  187. 
Brooks  Locomotive  No.  257.    Run  No.  4.    Scale  of  Spring  100. 
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RIGHT  CYLINDER 


Mile  Post    84. 
Reverse  Lever   7 
Rev..per  Min.    36.3 

Pulling-  in  on  Riding 


Fig.  188. 

Brooks  Locomotive  No.  257.    Run  No.  4.    Scale  of  Spring  100. 
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Calorific   Value  of  Fuel. 
H.  "V.  Railway  Locomotives.  No.  230.  No.  240. 

59.  Calorific  value  per  pound  of  actual  coal  hj  Mahler 

Calorimeter 11,898  12,265 

60.  Calorific  value  per  pound  of  dry  coal   12,755  13,168 

61.  Calorific  value  per  pound  of  combustible    14,167  14,323 

62.  Calorific  value  per  pound  of  stack  refuse 9,983  9,863 

Quality  of  Steam. 

63.  Quality  of  steam  at  dome  (dry  steam  =  unity) .9609  .9632 

64.  Quality  of  steam  at  steam  chest ,9853  .9621 

65.  Quality  correction  (steam  at  dome) .9715  .9731 

Water. 

66.*  Actual  weight  of  water  fed  to  boiler lbs.       82,710  71,240 

67.  Equivalent  weight  of  water  actually  evaporated  into 

dry  steam 80,355  69,323 

68.  Factor  of  evaporation 1 .2056        1 .1969 

69.  Equivalent  water  evaporated  into  dry  steam  from 

and  at  212  degrees.... 96,876  82,973 

Water  'per  Hour  Steaming  Time. 

70.  Equivalent  evaporation  per  hour  from  and  at  212  deg.       21,480  20,570 

71.  Equivalent  evaporation  per  hour  fiom  and  at  212 

degrees  pe»"  square  foot  heating  surface 11.42  10.91 

72.  Horse- power    e v eloped  by  boiler  (34.51  b.  rating). .       622.  596. 

Economic  Results. 

73.  Water  apparently  evaporated  under  actual  conditions 

per  pound  of  coal  as  fired 6.25  6.94 

74.  Equivalent  evaporation  from  and  at  212  degrees  per 

pound  of  actual  coal  fired 7.32  8.08 

75.  Equivalent  evaporation  from  and  at  212  degrees  per 

pound  of  dry  coal  fired 7 .  84  8 . 68 

76.  Equivalent  evaporation  from  and  at  212  degrees  per 

pound  of  combustible  minus  pan  combustible. .  8.82  9.55 

77.  Equivalent  evaporation  from  and  at  212  degrees  per 

pound  of  equivalent  coal  burned 8.90  9.29 

78.  Equivalent  evaporation  from  and  at  212  degrees  per 

pound  of  dry  coal  burned 9.54  9 .  98 

79.  Equivalent  evaporation  from  and  at  212  degrees  per 

pound  of  combustible  burned 10.61  10.84 

Efficiencies. 

80.  Efficiency  of  boiler  from  combustible  minus   pan 

combustible 60.12  64.38 

81.  Efficiency  of  boiler  from  combustible  burned 73.03  73.16 

82.  Efficiency  of  boiler  and  furnace  from  coal  fired 59.39  63.65 

*  Corrected  for  height  of  water  in  boiler  and  overflow  from  injector. 
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Flue  Gas  Analysis  by  Weight. 

H.  V.  Railway  Locomotives.  No.  230.  No.  240. 

83.  COa  =  Carbon  dioxide 17.72  13.87 

84.0      =  Oxygen 6.44  10.31 

85.  CO  =  Carbon  monoxide .64                .02 

86.  N     =  Nitrogen 75.20  75.80 

87.  Percentage  of  air  excess 39 . 9  82  9 

Heat  Balance. 

B.  T.  U.        p.  c.        B.  T.  U.        p.  c. 

88.  Loss  per  lb.  of  coal  due  to  products  of  com- 

bustion   1,355  11.39  1,252  10.21 

89.  Loss  per  lb.  of  coal  due  to  air  excess 448  3.77  •      875  7.13 

90.  Loss  per  lb.  of  coal  due  to  latent  heat 502  4.22  504  4.11 

91.  Loss  per  lb.  of  coal  due  to  unburned  coal  in 

pan 132        1.11  132        1.08 

92.  Loss  per  lb.  of  coal  due  to  unburned  coal  out 

stack 1,992  16.73  1,466      12  95 

93.  Loss  per  lb.  of  coal  due  to  CO 292  2.46       

94.  Loss  per  lb.  of  coal  due  to  radiation,  etc Ill  .93  230        1.87 

95.  Heat  used  in  evaporation 7,066  59 . 39  7,806      63 . 65 

96.  Total  heat  supplied 11,898    100.00    12,265    100.00 

Engine. 

Number  of  cars  in  train 35  34 

Gross  load  in  tons 1,669  1,677 

Total  miles 73 .  91  73 .  91 

Total  revolutions 27,910 

Average  speed  in  miles  per  hour 15.91  16 .  53 

Average  revolutions  per  minute 99 . 1  108 . 

Steam  pressure  by  gauge 166 . 4  170 . 1 

Initial  pressures,  right  cylinder  head  end 111.6  145 . 3 

crank  end 100.5  136.9 

left          "        headend 103.9  147.9 

crank  end 103.  141.1 

Back  pressure,  right  cylinder  head  end 10.9  11.9 

crank  end 6.7  10.8 

left          "        headend 8.7  14  4 

crank  end 7.7  10.8 

Mean  effective  pressure,  right  cylinder  head  end 71.7  63.8 

crank  end 62.9  57.5 

left          "         headend 77.0  64.6 

crank  end 65.2  59.7 

Horse-power,  right  cylinder  head  end 145.6  159.8 

crank  end    117.5  135.4 

left         "        headend 155.  159.7 

crank  end 120.3  141.7 

Total   538.4  596.6 

Exhaust  horse- power 71.3  79.6 
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Mile  .Post    56 


Fig.  189. 

Brooks  Locomotive  No.  257.    Run  No.  4.    Scale  of  Spring  100. 
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Fig.  190. 

BrookH  Locomotive  No.  257.    Run  No.  4.    Scale  of  Spring  100. 
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H.  V.  Railway  Locomotives.  No.  257.  No.  257. 

Safety  valve,  number  of  times  popped 13  6 

"          "       number  of  seconds  on 2,110  840 

"          "      pounds  of  steam  escaped 1,114  443 

Steam  lost  at  calorimeters,  dome 336  327 

"    "             "             valve  chest 195  233 

Dry  steam  lost  by  pop  and  calorimeters 1,610  966 

Dry  steam  used  by  engine  and  air  pump    78,745  68,357 

Total  hours  throttle  open 4.51  4 .  03 

Indicated  horse-power,  hours 2,428  2,404 

Pounds  dry  steam  per  indicated  horse-power  per  hour  includ- 
ing air  pump 32.47  28.42 

Total  strokes  of  air  pump 5,878  5,173 

Dry  steam  used  by  air  pump lbs.  855  754 

Pounds  dry  steam  per  indicated  horse-power  per  engine  alone.  32.07  28.11 

Ton  miles 123,351  123,947 

Pounds  coal  per  ton  mile lbs.  .1074  .0828 

Pounds  steam  per  ton  mile lbs.  .  638  .  549 

1 .  Number  of  trial 4  5 

2.  Date  of  trials  May  4.  May  6,  1903. 

3.  Duration  of  trials total  hrs.  7.12  5.81 

4.  Duration  of  trials running  time.  4.91  4.72 

5.  Duration  of  trials steaming  time.  4.53  4.00 

6.  Number  of  stops 8  7 

7.  Kind  of  fuel West  Va.  West  Va. 

8.  State  of  weather Clear.  Clear. 

9.  Direction  of  wind S.  E.  S.  W. 

10.  Velocity  of  wind miles  per  hr.  6.3  7.7 

Average  Pressures. 

11.  Steam  pressure  at  dome lbs. 

12.  Barometer ins. 

13.  Absolute  steam  pressure lbs. 

14.  Force  of  draft — front  end ins. 

15.  Force  of  draft — fire  box " 

16.  Force  of  draft — ash  pan " 

A verage  Te mpera ture . 

17.  External  air deg.  Fahr. 

18.  Escaping  gases 

19.  Feed-water  in  tank " 

20.  Feed- water  leaving  injector " 

Fuel. 

21.  Size Lump.  Lump. 

22.  Thickness  of  fire ins.  8  to  12  8  to  10 

23.  Weight  of  coal  fired lbs.  10,730  9,800 

24.  Percentage  of  moisture  in  coal  by  analysis,  per  cent.  2.85  2.20 
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n.  V.  Railway  Locomotives.  No.  257.  No.  257. 

25.  Weight  of  dry  coal  fired lbs.  10,434  9,584 

26.  Weight  of  refuse  in  pan "  429  539 

27.  Percentage  of  refuse  in  pan  to  coal per  cent,  4.  5.5 

28.  Combustible  in  refuse lbs.  119.  188. 

29.  Total  combustible  minus  comb,  in  pan   "  9,425.  8,552. 

30.  Total  asli  by  analysis "  880.  834. 

31.  Weight  of  ash  passing  flues "  570.  485. 

32.  Total  refuse  passing  flues "  2,033.  1,516. 

33.  Percentage  of  ash  lost  to  total  ash per  cent.  64.8  57.9 

34.  Percentage  of  refuse  through  stack  to  coal.   "      "  18.94  15.43 

35.  Equivalent  coal  actually  burned lbs.  9,081.  8,537. 

36.  Net  dry  coal  burned "  8,822.  8,350. 

37.  Net  combustible  burned "  8,078.  7.623. 

Fuel  Analysis. — Proximate  Analysis. 

38.  Fixed  carbon percent.  54.85  54.49 

39.  Volatile  matter "      *'  34.10  34.80 

40.  Moisture "      "  3.85  2.20 

41.  Ash "      "  8-20  8.51 


Ultimate  Analysis. 

42.  Carbon per  cent.        75.83  76.41 

43.  Hydrogen "  5.16  5.12 

44.  Oxygen "  8.31  7.78 

45.  Nitrogen "  1-36  1.37 

46.  Sulphur "  1-14  .81 

47.  Ash "  8.20  8.51 


Analysis  of  Pan  Refuse. 

48.  Combustible ..percent.         27.73  34.85 

49.  Ash "  72.27  65.15 


Analysis  of  Stack  Refuse. 

50.  Combustible percent.         72.01  68.19 

.01.  Ash "  27.99  31  81 


Fuel  per  Hour  Steaming  Time. 

52.  Actual  coal  fired lbs.  2,368  2,450 

53.  Equivalent  coal  burned "  2,004  2,134* 

54.  Combustible  burned "  1,782  1,906 

55.  Actual  coal  fired  per  sq.  ft.  grate "  76.3  78  8 

56.  Equivalent  coal  burned  per  sq.  ft.  grate 64.4  68. 7 

67,  Combustible  burned  per  sq.  ft.  grate 57.34  61.3 

58.  Combustible  burned  pr.  sq.  ft.  heating  surface. . . .  ^  .947  1.013 
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LEFT  CYLINDER 


Mile  Post    109 
Reverse  Lever   5 
Rev.  per  Min.    48.7 


Mile  Post   101 
Rev^erse  Lever   3 
Rev.  per  Min.  163.3 


Fig.  191. 
Brooke  Locomotive  No.  257.    Riin  Np,  5,    Scale  of  Spring  100. 
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RIGHT  CYLIKDEK 


Mile  Post    109 
Reverse  Lever    5 
Rev.  per  Min.    4».7 


Fkj.  192. 
Brrxikf  Locomotive  No.  257.    Run  No,  5.    Scale  of  Spring  100. 
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Calorific  Value  of  Fuel. 

H.  V.  Railway  Locomotives.  No.  257.  No.  257. 

59.  Calorific  value  per  lb.   of   actual   coal   by  Mahler 

Calorimeter 13,340  13,394 

60.  Calorific  value  per  lb.  of  dry  coal 13,731  13,695 

61.  Calorific  value  per  lb.  of  combustible 15,006  15,001 

62.  Calorific  value  per  lb.  of  stack  refuse 10,037  9,505 

Quality  of  Steam. 

63.  Quality  of  stearn  at  dome  (dry  steam  =  unity).    . . .         .9933  .9960 

64.  Quality  of  steam  at  steam  chest .9771  .9614 

65.  Quality  correction  (steam  at  dome) .9950  .9979 

Water. 

66.  *Actual  weight  of  water  fed  to  boiler lbs.       73,145  73,481 

67.  "Equivalent  weight  of  water  actually  evaporated  into 

dry  steam 73,780  73,327 

68.  Factor  of  evaporation 1.215  1.214 

69.  Equivalent  water  evaporated  into  dry  steam  from 

and  at  212  degrees 88,420  89,019 

Water  per  Hour  Steaming  Time. 

70.  Equivalent  evaporation  per  hr.  from  and  at  212  deg.        19,505  22,255 

71.  Equivalent  evaporation   per  hour  from  and  at  212 

degrees  per  square  foot  heating  surface 10.37  11.84 

72.  Horse-power  developed  by  boiler  (34.5  lb.  rating). .       565.  652. 

Economic  Results. 

73.  Water  apparently  evaporated  under  actual  condi- 

tions per  pound  of  coal  as  fired 6.82  7.51 

74.  Equivalent  evaporation  from  and  at  212  degrees  per 

pound  of  actual  coal  fired 8.24  9.09 

75.  Equivalent  evaporation  from  and  at  212  degrees  per 

pound  of  dry  coal  fired 8.48  9.29 

76.  Equivalent  evaporation  from  and  at  212  degrees  per 

pound  of  combustible  minus  pan  combustible.  9.38  10.42 

77.  Equivalent  evaporation  from  and  at  212  degrees  per 

pound  of  equivalent  coal  burned 9.74  10.44 

78.  Equivalent  evaporation  from  and  at  212  degrees  per 

pound  of  dry  coal  burned 10.02  10.67 

79.  Equivalent  evaporation  from  and  at  212  degrees  per 

*  pound  of  combustible  burned 10.94  11.69 

Efficiencies. 

80.  Efficiency  of  boiler  from   combustible   minus  pan 

combustible 60.38  67.00 

81.  Efficiency  of  boiler  from  combustible  burned 70.43  75.26 

82.  Efficiency  of  boiler  and  furnace  from  coal  fired 59.65  65.55 

*  Corrected  for  height  of  water  in  boiler  and  overflow  from  injector. 
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Fine  Gas  Analysis  by  Weight. 

H.  V.  Railway  Locomotives.  No.  257.  No.  227. 

83.  COo  =  Carbon  dioxide 18 .  61  18 .  33 

84.0      =Oxygeu 5.45  6.13 

85.  CO   =  Carbon  monoxide .63  .40 

86.  N     =  Nitrogen 75.31  75.14 

87.  Percentage  of  air  excess 31 .8  37.35 

Heat  Balance. 

B.  T.  U.      p.  c.       B.  T.  u.      p.  c. 

88.  Loss  per  pound  of  coal  due  to  products  of 

combustion 1,618  12.13 

89.  Loss  per  pound  of  coal  due  to  air  excess 441  3.31 

90.  Loss  per  pound  of  coal  due  to  latent  heat 486  3.64 

91.  Loss  per  pound  of  coal  due  to  unburned  coal 

in  pan 161-  1.21  280        2-.09 

92.  Loss  per  pound  of  coal  due  to  unburned  coal 

out  stack 1,904  14.27 

93.  Loss  per  pound  of  coal  due  to  CO 329  2.47 

94.  Loss  per  pound  of  coal  due  to  radiation,  etc. .        443  3.32 

95.  Heat  used  in  evaporation 7,958  59 .  65 

96.  Total  beat  supplied 13,340  100.00    13,394    100.00 

Engine. 

Number  of  cars  in  train 38  33 

Gross  load  in  tons 1,490  1,480 

Totalmiles 74.11  74.45 

Total  revolutions 27,840  27,900 

Average  speed  in  miles  per  hour 15 . 08  15 .  75 

Average  revolutions  per  minute    94.  98. 3 

Steam  pressure  per  gauge 180.5  167. 

Steam  chest  pressure  by  indicator 118.3  117  7 

Initial  pressures  :  Right  cylinder — headend 113.7  115.7 

—crank  end 114.4  117.4 

Left  cylinder— head  end 112.1  114.7 

—crank  end 112.8  114.1 

Back  pressure :  Right  cylinder — head  end 8.03  8.89 

"       —crank  end 7.23  7.96 

Left  cylinder -head  end 7.68  8.59 

*'       —crank  end 7.83  8.22 

Mean  effective  pressure  :  Right  cylinder — headend....  58.7  42.1 

—crank  end...  50.8  41.4 

Left  cylinder -head  end 54  4  48.2 

"      —crank  end 54^4  47  5 

Horse-pfjwer:  Right  cylinder — headend 128.1  133. 

«'      —crank  <nHl 124.3  123.4 

Left  cylinder— head  end 139.9  152.2 

"       —crank  end 134  3  143. 

Total 526 . 6  551 . 6 
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LEFT  CYLINDER 


Mile  Post   64 
Reverse  Lever   1 


Fig.  193. 

Brooks  Locomotive  No.  257.    Run  No.  5.    Scale  of  Spring  100. 
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RIGHT  CYLINDER 


Fig.  194. 
BrookB  Locomotive  No.  257.    Run  No.  5.    Scale  of  Spring  100. 


I  INS.uTIONS   AMERICAN   SOCIEIY   UF  MECHANICAL   EkgINEEI:s.       VliI,.    XXV 


-B*Lirniv  N? Z^O       *?»*    J 


Hcc^l^C  y^LLii  /?•, 


7      -jl-fe     <)feb    ""iJ     "t^^  'Mi     -JJi      lis    qyo     ^{0     .76^    <n4     in     Set      s-'t     f"7     ;(.'     ■/«?    S-'X     Ik)     ,'i7     A*      itc- 


•I'ii      -liO    <i?C   1^9    -m 


E 

A. 

IlTCUCOCK. 

~~l 

^ 

■    - 

p^ 

Hcc^c   Vallc-,     /?•, 

^ 

r 

^^^ 

^ 

r-r 

— 1 

7-^ 

-^ 

i 

« 

V 

^ 

i; 

<. 

»^ 

5 

»    «o     ?6Z    «7f    -vf?     ^W      ,<«    ■f?7    '/««     ■;«?    -f'/j.     -/t.i     /j;    -.aj      ifo    ^U     /: ?      .;t/      u*     iiw    ow      jjf    ,,',     ^yj     -I'sp    -iif  -/J?    -^bJ     -Ji-i"   -yic    ^--fj    -^-ij      ^'ji   -J^'c   -J/j'^J.*    «5""  «i    •?/?     vor    ji»-  iJ,.     ,  r;      j/n     Jv     i 

»  jfn    Ar  .;■/«    ■■■'■■■'  of?  Ji?'" 

,--> 

r 

^ 

~> 

'' 

N 

■ 

^^^^ 

- 

-hi 

\ 

>. 

. , 

\ 

:^^ 

^  -  ~ 

-■~-/N, 

\ 

\ 

^       ^^' 

^'■^>- 

/ 

^^^„^-^ 

-  ,  ■----^— 

■ 

'v "^ 

,-■ 

-^ 

>^ 

"^ 

, 

\ 

'  / 

V 

'~\~  -  - 

-'  V 

\ 

^ ' 

\            / 

J 

^/^ 

/ 

- 

-  k 

\ 

^"rr> 

// 

^ 

\ 

/' 

^ 

' 

1 

— 

\^  i 

\ 

^s 

/i 

N 

^ 

\   ^    ~- 

■  ^ 

1/ 

/ 

^_^__ 

_, ' — 

\     1" 

\ 

-«__Jj:--^ 

' 

-}.S 

• 

/^ 

\ 

/ 

1 
l_ 

- — " 

\ 

1 
1 

^^ 

'      / 

',1 

,-- 

---" 

"  \' 

/ 

.Z,.^^^ 

'  . 

'l 

.  —  " 

\ 

- 

-i. 

/ 

r 

i 

! 

J 

1 

s 

-»/ 

^ 

_,„  - 

----- 

> 

r  ' 

,' 

N^ 

*- 

t-  ^ 

- 

~  ^  ^ 

. 

_  _ 

-' 

1 

c 

/ 

\ 



,''/>>-<^---~ 

1 

.'" 

y^- 

-  -^"^^ 

— 



\        ,  ' 

'       / 

^ 

~^ 

^'  / 

\^ 

"^ 

.-'- 

—'^ — - 

\ 

, 

> 

y 

/ 

v^ 

, 

-'\ 

/_ 

____— ---^ 

X 

~' 

\ 

"'' 

^ 

-V- 

1 

\ 



^y 

■ 

-  _  - 

v_- 

— / 

\ 

/ 

,  \ 

'  / 

-  ^ r 

\ 

1 

V 

-  - 

-^ 

f  cj 

H"! 



-  \ 

/ 

/ 

.  _  -r  V 

^^"^ 

■ 

N     ; 

-ivc!— J 

\ 

/ 

/ 

^-''' 

1     \ 

1 

"r — ' 

1 

\    \ 

^-^ 

-J 

,,     ' 

--' ' 

/ 

;  \ 

/ 

1 
1 

1   • 

-r,  "-,«- 

Ci 

,ct_ 

---" 

/ 

' 

1 

-- '" 

" 

-^5 

[ 

1 

" 

-'" 

i 

1 

1 

=; 

. 



--.^ 

- 

^ 

, 

-  -  - 

_ 

»^=-^ — ^ 

-— .^  -- 

.. 

1 ^^__^ 

-  ~  ___ 

_^_i^ — 

^erru---— 

""v,,^ 

^^ — 

"      ~^ 

n\ 

■  X 

^  -'  ^^ 

--— ^ 

T^ 

"■ 

-■ — ^ 

__.--:r^ 

~- 

■  ■  -  ' 

~~  \-  - 

I 

i       1 

\J^^^ 

" 

\^^ 

^-^ 

1 

1 

\J 

1 

'             1             1 

h/.-f 

1 

' J a-.-J- 

! 

L_. 

"'T 

^___ 

L_ 

_ . 

fc™^ 

^^=™ 

•"■"L   r 

— -^ 

^  „  * 

-=j 

— r 

::^- 

-^ 

^^ 

N 

y^ 

—^^^ 

' 

,' 

1 

/ 

■•-^ 

_ 

_   ^-    ' 

'^^*'*'*^ 

^,_- — ^- 

^ 

-^--. 

f 

■"■^ — ^^ 

^' 

^  , 

^^ 

^ 

^^ 

v_    1 

1^^~^ 

__-__-,„,^= 

\ 

V 

•^ 



^ 

y 

■"v^ 

~~.£SL__ 

!  '— 

^    ^' 

"-__ 

_.-^ 



_ 

\ 

'""~^N 

.-'' 

■^^  ^ 

\ 

X' 

I^^ 

1  - 

X_ 1 



' 

^   ^ 

^  '       "*  > 

t 

, 

\ 

/     \ 

^^ 

■  — 

/ 

--   1 

V-j—         ,-— ^ 

f — 

\ 

^' 

—  N 

, , 

, 

,' 

, 

1    1              /I 

/ 

\ 

' 

\ 

, 

.    _ 

iir: — ^ — :_ 

H ^ — 

^^ 

V 

/ 

\ 

,' 

/ 

-  -  _  _  _ 

/     - 

\    V-' 



^^ 

1 

M 

' 

^ 

- — 



' 

4-A      ^ 

=rr 

7 

^■v 

^  ^ 

' 

1 

-x 

\^ 

' 

=ttL_L-L 

\^ 

"f 

/ 

:/ 

\ 

, — 

^r^    1     •■ — 1 — r^r- 

■i 

.L 

\_ 

'i 

\ 

^- 

H 

^^ 

\ 

— 

MiLH    PniTs    «i>fA,^ci   r„i.^    To 


TBASSiCTIONS  AMERICAN   SoCIETT  OK   MkCIIANICAL   ENUIKEERS.      VoL.    XXV. 

r 

^' 

^ 

-^ 

/V 

p<-*//ve  ^'^^L 

r.    Pr 

"^ 

"" 

-^ 

■^ 

— " 

^^\ 

Fv.      "^                          ^^,^ 

■ 

^ 

J^^^     'i-— T-^ 

V. 

H 

J 

4 

1 

'    ■                                                      ^'""^^"'^ 

,^ 

5 

•  *"                                     ^--^'^ 

11 

C) 

^- 

1 

-'o____r f 

■>    1       lit      JOS     330      31!     Jtr     3?3       Jyo      9^?       <J«        «?!>     <'S'7       'fSi     •?<«       Ilfi       4(,i       <l_7i       <376       c)66     470      4 

0     <?t2    ■)7')      'fl      SH      iOk      4.^7     JJB       -is-     ail     -Jti      43^     -JJS     ,-mi       Obt     •J??       Ji/       -In       y«.^      VI       iiO     ^-.-W       -^^5      ■)««     l.'s      •"'J'     -J'S      'JW      ■^-'0     V-I3    ^-IJ       0J3 

' 

"7    -J' 

.-^ 

(  ^ 

?o 

/■"^ 

/     \ 

1 

\ 

y 

/ 

\ 

s 

^ 

/ 

\y 

?o 

/ 

v~ 

/ 

/ 

^-    ^ 

N 

/^ 

1 

^N^ 

\  y'^\ 

/~^ 

// 

S. 

— / 

/ 

\ 

1 

/ 

■~v     \ 

/ 

1 

"•, 

/ 

''> 

',:^ 

.;;_2. 

';^ 

\ 

-~ 



^ 

~\ 

^ 

s — ' 

\ 

// 

1    1/ 

/ 
ji 

\ 

1 

1 

A 

• 

\     1 

Z' 

1 

/•f 

//out 

\ 

f 

\ 

i 

\ 

/( 
/  i 
(    1 

y 

1,  1 
1  II 

1 

V/ 

N 

!0»       / 
/ 

- 

\ 

r 

■N 

/,. 

\ 

/ 

^ 

\, 

T 

^ 

^^' 

i'lf 

\\ 

,- 

-V 

-y- 

^N 

. 

/ 

\ 

/ 

^   I 

^ 

\\ 

^ 

\ 

^ 

^ 

' 

""' 

i— J 

-A 

\ 

A'/- 

—^ 

\ 

1    / 

T 

T 

^- 

^"i 

\f 

1 

\\ 

1    / 

^ 

.V 

J 

\ 

v 

1 



\\ 

;  ; 

^^^ 

1 

'' 

t 
1 
1 

1 

/I 

\ 

1    ' 

\ 

/     / 

\ 

' 

\^ 

1 
1 

( 

\ 

''n' 

\v 

^ 

1 

1 

n         , 

— 

-i: 

f- 

"'^ 

iT 

1 

\ 

J 

1 

'-•- 1 

1 

\ 

1 

'  1 

\ 

1 

1' 

1 

1 

\ 

1  ( 

\  ' ' ' 

; 

/"v 

;  i 

1 

'  //or 

re  A 

^■cr 

t^ 

—1 

^ 

L- 

^^ 

r 

"1 

V 

^=4 

r 

-1 

-= 

=^ 

r 

71: 

— = 

: ■ 

\ 

1  / 

^ 

^ 

^ 

—    ,'  1 

;i ; 

^^^^ 

■ 

— ^ 

M 

1 

1 

Z 

L 

L 

i^ 

1 

1     1 

^^ 

/ 

= 

/so 

170 

t7 

N 

Certx 

K 

4z 

—1 
\ 

V 

J 

V 

^ 
\ 

- 

/ 

— t 

N 
\ 

/ 
/ 

/ 

,^.=^ 

/ 

- 

-1_ 

^=- 

\ 

/ 

i    . 

- 

11 

/ 
1 
1 

-^rrrr 

1 

'-■r 

. . ::ii. — 

._^.__ 

^ 
X 

/ 

;— ^ 

I 

tr       -  Kr  1 

1 

V, 

-^ 





— 

' — 

-■ 

\ 

~ 

-^ 

~~ 

E.    A.    [IlTCllCUCK. 


0     .jp     -IJ-Z    174     i^l     S^i      ;DI,      4f7    ■•!!      -ip     'ill     -Hi      •?:^ 


■'H      j-ao      j.-i      go    SH      fli     1>0     q?^      -f-i-     -jtS      <!?!     •^it     <}^i    W      an      liA    <}  i\  tit     1J^    t^i     in      -t'^  Svt    390      Ji'-i     --'??     3S«    3(o^Ji« — ^      J"*    i'"      i'l'  i'-'> 


-y 

\ 

,'-^ 

y\ 

;  ; 
1  '.' 

f 

\x 

_x->. 

/ 

\ 

/  \ 

-, 

\ 

] 

^ 

^ 

r 

^ 

\    ' 

f 

\ 

\ 

-\ 

\ 

^ 

/ 
— -/ 

^^~^ 

~>N 

\- 

i 

\ 

\  1 

'> 

1 
1 
> 

11 

) 

^ 

/ 

\ 

/"v 

/    1 

/      ' 

f 

\ 

\ 

ii 

i 
1 

r 

\ 
\ 

\ 

ft 

M 

1 

1 

1 

\   1 

1  ' 
1  1 

.^    ^_.L          .4- 

1 .J  .^. 

, 

— ^ 

-::    ;r^ 

.,^ ^ 

^    ^ 

= -^T-..^ 

'    "    ^\ 

— ^ 

Ky^ 

1      >^/-x> 

7^ 

b:^r   L^ 

^ 

k^^ 

yi^^^^ 

^ 

-f- 

s 

^ 

r — 

^  --. 

^y— 

-t-- 

->  ^ 

^ 

^V— 

1 

— 1 ' 

r] 
1 

r 

h 





' 

n 

— 

. -J 











1 







:^'^ — =— 



-/X-; 

^ 

'. 

/^^^ 

■— — 

- 

^^           ■ 

— 

-^ 

^^ 

x 

/       ^ 

h-^^ 

— 

-.^ 

/ 

\- 

^ 

r 

"-. 

"^^ 

/ 

\ 

y 

- 



=— — 

^---' 

^- 

--^ 

r^\ 

'\ 

/ 

\ 

r 

/" 

■■ 

1 

\ 

'                    s 
\ 

/ 
/ 

\ 

\     \ 

/ 

1 

\\ 

1 

\ 

\ 

r\ 

r' 

--^^ 

/ 
/ 

1 

^ 

/ 

'  r 

~^^ 

1 

\i 

\ 

\\  ^ 

\ 
\ 

' 

y 

^ 

i  / 

1 

/ 

\ 

/ 

1 

\ 

V 

1 

\ 

V 

1 

\ 

/  / 

\i 

\         f 

\ 

\ 

\ 

\ 

1 

1 

1 

\     1  >     ' 

\     . 

\r''^ 

^ 

h 

'/ 

\i 

\       1 
\     1 

\ 
\ 

1 

1 

\i 

-Vl 

1 

■^ 

y 

/ 

z^ 

k 

^ 

\ 

\ 

\  ^-~- 

" 

1 

/ 

\ 

^^ 

,.--^ 

--  —  -., 

/"       " 

X 

^ 

-^ 

^ 

X 

/ 

-^ 

\ 

^ 

» 

I 

1  y'^ 

V 

\ 

^._^JU 

y 

N 

I  y 

--~  ^      ^^ 

-^ 

y  ' 

\ 

\ 

^/^ 

,^''^ 

^^ 

\ 

.-'' 

'  \ 

'_^y 

^\ 

,'-\ 

yi 

\^ 

i 

\i 

\ 
\ 

/ 

\ 
\ 
1 

\ 

h 

'" 

,^—- 

-., 

--^ 

~^\ 

\ 

"^, 

-'-' 

^ 

\ 

/ 

\ 

x:v 

/ 

1 

~-^ 

7^ 

^ 

""~~^^^:^ 

"^^"^T::^ 

^^ 

^^' 

,^--. 

^ — 

-^   ^ 

— ^ 

X 

1 

J 

1 
1 

^■~- 

^"^^-^<' 

^^ 

/' 

/ 

__ 

\ 

1 

"" 

1          1  1 

7J-  7/  7/ 


7/  7/  , f 


,    jjj,xi,iNs  Americas  Societt  of  Mechanical  Engineers.     Vol,    XXV. 


E.  A.  IIiTcncocK, 


//  //  a 


ROAD   TESTS   OF    COXSOLIDATION"   FREIGHT    LOCOMOTIVES.  581 

H.  V.  Railway  Locomotives.  No.  230.  No.  240. 

Exhaust  liorse-power 77.42  70.2 

Safety  valve :  Number  of  times  popped 59  35 

"       Number  of  seconds  on 6,960.  8,654. 

"       Lbs.  of  steam  escaped 3,680  1,928 

Steam  lost  at  calorimeters  :  Dome 480  368 

"     "             "             Valve  cliest 417  263 

Dry  steam  lost  by  pop  and  calorimeters 4,550  2,554 

Dry  steam  used  by  engine  and  air  pump 68,230  70,733 

Total  hours  throttle  open 4.53  4.0 

I.  H.  P.  hours 2,386.  2,206.4 

Lbs.  dry  steam  per  I.  H.  P.  per  hr.  including  air  pump.  28.6  32.05 

Total  strokes  of  air  pump 6,000  6,889 

Dry  steam  used  by  air  pump lbs.  876.  1,005. 

Lbs.  dry  steam  per  I.  H.  P.  per  engine  alone 28.24  31.6 

Ton  miles 110,423 .          108,324. 

Lbs.  coal  per  ton  mile lbs.  .  0971  .  0905 

Lbs.  steam  per  ton  mile lbs.  .610  .643 

30.  It  will  be  seen  by  the  general  results  that  there  are  only 
four  out  of  the  seven  trials  given.  This  is  due  to  irregularities 
creeping  in  which  would  effect  certain  parts  of  the  results,  these 
irregularities  being  a  leaky  boiler  in  two  cases  and  using  some 
of  the  weighed-up  coal  for  another  purpose  previous  to  the  trial. 
However,  portions  of  the  results  which  such  irregularities  would 
not  effect  are  given  in  the  curves  drawn. 

31.  These  curves  show  the  profile  of  the  Hocking  Valley  Eail- 
road  from  Columbus  to  Carev,  nearlv  due  north  a  distance  of  74.5 
miles ;  the  speed  in  miles  per  hour;  total  horse-power;  horse-powder 
lost,  due  to  back  pressure;  position  of  reverse  lever;  steam  pres- 
sure; average  initial  pressure  in  cylinders;  draft  in  front  end  and 
temperature  of  escaping  gases.  The  areas  enclosed  by  the  curves 
and  their  respective  base  line  give  the  averages  in  the  table  of 
general  results. 

32.  During  trials  K'o.  1  and  E'o.  3  the  per  cent,  of  moisture  in 
the  steam  as  shown  by  the  Barrus  calorimeter  at  the  steam 
chest  was  slightly  less  than  at  the  dome,  while  in  trials  No.  4  and 
^o.  5  the  reverse  was  the  case — dryer  steam  at  the  dome  than  at 
the  chest.  Although  highly  improbable,  it  was  thought  that  this 
might  be  due  to  the  fact  that  on  runs  ^N'o.  4  and  ISTo.  5,  the  flue 
gas  aspirator  received  its  steam  from  the  dome  sampling  tube,  this 
tube  having  a  tee  looking  down  to  which  was  connected  the  pres- 
sure gauge  and  the  aspirator,  the  calorimeter  connecting  to  the 
horizontal  leg  of  the  tee.  In  trials  E"©.  1  and  E'o.  3  such  was  not 
the  case,  the  calorimeter  connecting  direct  to  the  sampling  tube. 
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Ill  order  tx)  satisfy  ourselves  on  this  point,  a  special  run  was  made 
on  the  same  engine  with  the  same  sampling  tube  and  the  calori- 
meter, but  with  the  tee  removed  and  the  percentage  of  moisture 
shown  was  practically  identical  with  that  obtained  on  the  trials 
mentioned.  In  all  cases  the  connections  to  the  calorimeter  were 
well  covered,  and  after  the  trials  the  two  instruments  were  tested 
on  the  same  sampling  tube  and  found  to  give  parallel  readings, 
so  that  it  is  evident  that  the  sample  of  steam  at  one  place  or  the 
other  was  not  a  representative  sample  of  the  steam  at  that  place. 
The  difference  in  ash  pan  draft  on  trials  No.  1  and  'No.  3  is  due 
to  the  fact  that  the  pans  of  the  Brooks  locomotive  are  more  open, 
having  coarse  wire  screens  at  the  side. 

33.  In  comparing  trials  JSTo.  1  and  No.  3  the  difference  in  steam 
consumption  is  probably  due  in  part  to  the  fact  that  engine  230 
was  not  working  ''  square  "  as  the  cards  will  show,  and  also  that 
the  piston  gland  packing  of  the  right  side  and  the  valve  stem 
packing  and  relief  valve  on  the  left  side  leaked  somewhat.  On 
the  other  hand  in  comparing  trials  No.  4  and  E^o.  5  where  the 
conditions  are  practically  constant  as  to  engine,  crew,  load,  etc., 
quite  a  variation  in  the  steam  consumption  vdll  be  seen,  un- 
doubtedly due  to  the  different  running  conditions  as  shown  by 
the  curves,  length  of  times  that  throttle  was  open  and  time  in 
motion. 

34.  As  regards  the  boiler  performance,  comparing  the  several 
heat  balances,  the  results  obtained  show  that  the  "  radiation,  etc.,'' 
loss  is  a  small  amount,  the  average  for  the  four  trials  being  1.57 
per  cent.  This  is  to  be  expected  with  an  internal  fired  boiler  and 
high  rat«  of  combustion.  Although  this  percentage  loss  would 
increase  as  rate  of  combustion  decreases,  yet  on  the  locomotive 
boiler  with  rate  of  combustion  approaching  that  obtained  in  sta- 
tir)nary  [>ractice,  it  would  still  be  somewhat  less  than  the  same 
loss  as  determined  in  the  same  way  on  a  boiler  with  brick  setting 
like  the  boilf-r  at  Ohio  State  University.  (See  paper  No.  997, 
vol.  XXIV.,  Transactions  A.S.M.E.) 

35.  The  greatest  loss  as  shown  by  the  several  heat  balances 
IS  that  due  to  combustible  matter  passing  out  the  stack.  This  is 
de[K-ndent  upon  many  conditions,  that  is,  kind  and  condition  of 
coal,  intensity  of  draft,  single  or  double  exhaust  nozzle,  number 
of  starts  and  stops,  etc.  Trials  1  and  3  giving  respectively  16.73 
per  cent,  and  12.95  per  cent,  are  with  single  and  double  exhaust 
nozzles  and  a  free  burning,  non-coking  coal,  while  trials  4  and  6 
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with  same  locomotive  and  having  single  exhaust  nozzle  and  a 
coking  coal,  gave  respectively  14.27  per  cent,  and  10.98  per  cent. 
36.  As  stated  above  the  results  of  several  of  the  trials  are  not 
given  on  account  of  certain  irregularities  creeping  in  which  would 
effect  the  results  as  a  whole  but  not  in  part.  For  example  on  trial 
7,  the  boiler  leaked  somewhat  around  the  fire-box  stay  bolts  when 
the  engine  was  not  in  motion,  but  when  under  way  with  hot  fire, 
the  leakage  practically  disappeared.  Therefore,  the  boiler  results 
for  this  trial  with  the  exception  of  those  which  involve  the  amount 
of  feed  water  should  be  practically  correct  and  as  trial  7  was 
on  a  Brooks  engine  with  Hocking  lump  coal  or  a  duplicate  of 
trial  1  of  the  previous  year,  some  of  the  boiler  results  given  below 
can  be  used  in  comparison  with  those  of  trial  1. 

Number  of  trial 7 

Running  time hrs.  4.76 

Force  of  draft — front  end ins.  3 .  77 

Temperature  of  escaping  gases deg.  FaLr.  732 

Weight  of  coal  fired lbs.  12,927 

"Weight  of  refuse  in  pan "  598 

Percentage  of  refuse  in  pan  to  coal per  cent.  4 . 61 

Total  refuse  passing  flues lbs.  2,585 

Percentage  of  ash  lost  to  total  ash per  cent.  65 . 5 

Percentage  of  refuse  through  stack  to  coal "  19.97 

Proximate  Analysis  of  Coal. 

Fixed  carbon per  cent.  48.92 

Volatile  matter "  35.11 

Moisture "  6.10 

Ash "  9 .  85 

Ultimate  Analysis  of  Coal. 

Carbon per  cent.  66 .  84 

Hydrogen "  5.17 

Oxygen "  15.10 

Nitrogen "  1.42 

Sulphur "  1 .  63 

Ash "  9.85 

Analysis  of  Pan  Refuse. 

Combustible per  cent.  26 .  55 

Ash "  73.45 

Analysis  of  Stack  Refuse. 

Combustible per  cent.  67 .  71 

Ash "  32.29 

Calorific  value  of  actual  coal  by  Mahler  calorimeter B.  T.  U.  11,744 

Calorific  value  of  stack  refuse  by       "  "  "  10,431 

Flue  Oas  Analysis  hy  Weight. 

COa  =  Carbon  dioxide per  cent.  16  56 

O      ^Oxygen "  6.74 

CO    =  Carbon  monoxide "  84 

N      =  Nitrogen "  75 .  86 

Percentage  of  air  excess "  42 . 1 
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Partial  Heat  Balance. 

B.  T.  U.  Percent. 

Loss  per  lb.  of  coal  due  to  products  of  comb 1 ,305  11 .  10 

I^oss  per  lb.  of  coal  due  to  air  excess 459  8  91 

Loss  j)er  lb.  of  coal  due  to  latent  heat 486  4. 14 

Loss  per  lb.  of  coal  due  to  uii burned  coal  in  pan 156  1.33 

I^ss  per  lb.  of  coal  due  to  unburned  coal  out  stack 2,082  17.75 

Loss  per  lb.  of  coal  due  to  CO 421  3.59 

The  above  partial  heat  balance  gives  IY.75  per  cent,  as  the  loss 
out  the  stack  which  compares  very  closely  with  that  of  trial  ~^o. 
1,  or  16.73  per  cent. 

DISCUSSION. 

J/r.  TFt?}.  Forsyth. — This  paper  relates  largely  to  the  per- 
formance of  locomotive  boilers,  and  its  principal  value  is  in  the 
continuous  analysis  of  the  waste  gases  and  the  exact  measure- 
ments of  coal  consumption  and  of  refuse,  which  have  resulted  in 
the  heat  balance.  I  believe  this  is  the  first  time  that  the  heat 
balance  has  been  applied  to  the  road  tests  of  locomotives,  and 
the  author  states  that  the  object  of  the  experiments  was  to 
obtain  <]ata  for  making  a  heat  balance  for  locomotives  and  to 
make  comparisons  of  the  locomotive  boiler  under  actual  working 
conditions  with  the  stationary  water  tube  boiler.  Although  no 
such  comj)arisons  are  presented  in  the  paper  we  can  make  a 
comparative  showing,  by  using  figures  which  are  given  in  the 
paper  for  engine  257,  and  those  given  for  stationary  water  tube 
boilers  by  the  same  author  in  his  paper  at  the  Saratoga  meeting 
last  year,  and  such  a  comparison  is  made  in  the  following  table: 

Ix«.*8  Per  Pound  of  Coal.  Stationary  Boiler.  Locomotive  257. 

Water  Tube  Hocking  Valley 

B.  T.  U.      Per  Cent.        B.  T.  U.    Per  Cent. 

Due  U)  products  of  combustion   962  6.4  1,618  12.13 

••     air  excess 316  2.1  441  3.31 

••      latent  heat 406  2.7  486  3.04 

••     unburn»-dcoal* 301  2.0  2,065  15.48 

"     carl>onic  oxide 129  0.8  339  2.47 

••     radiation 1,819  12.1  443  3.32 

He*t  used  in  evaporation 11,100  73.8  7,958  59.65 


ToUl  heat  supplied 15,033        100 . 00        13, 340        100 .  00 


Ifil  pounds,    1.21  per  cent. 

^  '^ 1,!K)4  pounds,  14.27  per  cent. 


2,06.5  pounds,  15.48  per  cent. 


It  will  \)i:  .-.I'll  Luai  the  Mnl)urned  coal  for  the  stationary  boiler 
amounts  to  two  per  cent,  of  thf;  coal  fire,  while  in  the  locomotive 
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it  is  15 J  per  cent.,  and  in  some  of  the  tests  recorded  in  tlie  paper 
it  was  as  high  as  20  per  cent.  The  loss  due  to  radiation  is  given 
as  12  per  cent,  for  the  stationary  boiler,  and  3^  per  cent,  for  the 
locomotive.  On  page  578  the  figures  relating  to  the  loss  due  to 
radiation  for  engine  240  must  be  incorrect,  although  when  used 
as  printed  they  make  the  total  100  per  cent.  If  they  are  correct 
we  must  conclude  that  the  loss  due  to  radiation  in  one  locomotive 
must  be  15  times  as  great  as  that  of  another,  when  the  two  engines 
are  working  under  about  the  same  conditions.  I  prefer  to  think 
that  the  figure  given  for  engine  257  as  loss  due  to  radiation, 
3^  per  cent.,  is  about  correct,  as  it  corresponds  closely  with  that 
obtained  in  the  experiments  made  on  the  Chicago  and  I^orth- 
western  road  in  1898,  on  boiler  coverings,  the  results  of  which 
are  given  in  the  proceedings  of  the  Western  Railway  Club,  Yol. 
XI.  I  have  also  made  a  comparison  of  the  analysis  of  the  flue 
gases  from  the  stationary  boiler  and  those  from  the  locomotive 
257  (see  table),  and  it  is  surprising  to  see  that  they  are  almost 

Water  Tube. 

Carbonic  dioxide,  CO2 19.19 

Oxygen,  () 5  95 

Carbon  monoxide,  CO .16 

Nitrogen 74. 70 

100.00  100.00 

identical,  especially  as  the  percentage  of  air  excess  is  given  as 
31.8  for  the  locomotive,  and  it  must  have  been  very  much  less 
for  the  stationary  boiler  working  under  much  lower  draft  in  the 
chimney.  It  is  also  surprising  to  find  where  the  analysis  of  the 
flue  gases  are  so  nearly  identical  that  the  loss  due  to  the  products 
of  combustion  should  be  6.4  per  cent,  for  the  stationary  boiler, 
and  about  double  that  for  the  locomotive.  It  is  possible  that  the 
author  may  give  a  satisfactory  explanation  of  these  discrep- 
ancies. The  performance  of  these  locomotives  as  here  recorded 
shows  that  they  were  not  in  good  working  condition,  and  they 
are  not  representative  of  the  best  American  locomotive  practice. 
From  an  inspection  of  the  diagrams  it  is  evident  that  the  valve 
motion  was  not  properly  adjusted,  and  the  draft  appliances  in 
the  front  end  could  not  have  been  of  the  most  approved  design. 
The  cards  show,  as  the  author  states,  that  the  cut-off  front  and 
back  was  not  properly  equalized.  The  exhaust  line  is  especially 
bad  and  shows  a  back  pressure  abnormally  high,  probably  double 
what  it  should  be  for  the  slow  speeds  under  which  the  engines 


Locomotive  230 

18.61 

5.45 

.63 

75.31 
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were  nmning.  This  high  back  pressure  was  probably  due  to  two 
causes:  first,  to  a  smaller  exhaust  nozzle  than  would  have  been 
necessary  vdth.  a  properly  designed  draft  appliance;  and,  second, 
to  the  lack  of  inside  clearance  in  the  valve.  It  is  also  evident 
from  the  hump  at  the  middle  of  the  exhaust  line  that  an  exhaust 
base  simihir  to  that  recommended  by  the  Master  Mechanics' 
Association  was  not  used,  and  this  back  pressure  could  have  been 
reduced  by  using  iV  ^^  tV  inside  clearance  in  the  valve  instead 
of  line  and  line.  I  place  some  importance  to  the  bad  effect  of 
this  high  back  pressure,  because  in  the  case  of  engine  240  it 
amounted  to  80  horse-power,  which  was  12  per  cent,  of  the  total 
power  of  the  engine.  It  is  interesting  to  see  that  the  ratio  of  air 
space  to  grate  area  was  47  per  cent,  for  one  locomotive  and  36 
per  cent,  in  the  other,  a  difference  of  11  per  cent,  without  any 
perceptible  difference  in  the  economic  results.  Since  the  Hock- 
ing Valley  Railroad  has  consented  to  make  public  in  this  way, 
the  bad  performance  of  its  engines  I  trust  that  the  same  pains- 
taking care  which  has  been  used  in  making  the  experiments  here 
recorded,  has  given  to  that  company  some  valuable  suggestion  as 
to  how  its  locomotive  performance  may  be  improved. 

Mr.  A.  Bement. — I  do  not  think  it  proper  to  consider  all  Water 
meters  as  unreliable.*  One  type  I  have  found  to  be  quite  accurate, 
and  another  type,  used  extensively  in  waterworks,  is  certainly  a 
reliable  device. 

The  heat  loss  by  radiation,  etc.,  as  given  is  extremely  small  for 
a  locomotive.  I  would  expect  it  to  be  greater,  and  am  inclined 
to  believe  that  there  was  more  moisture  in  the  steam  than  shown 
by  the  sample  entering  the  calorimeter;  if  this  is  true  it  would 
decrease  the  efficiency  and  increase  the  loss,  and  as  the  radiation 
is  obtained  by  difference  as  a  remainder  it  would  necessarily  ap- 
pear larger.  My  experience  is  that  it  is  difficult,  if  not  impos- 
sible, to  get  an  average  sample  of  steam  into  the  calorimeter, 
and  with  Ixjilers  worked  at  large  capacity  the  tendency  is  for 
moistnre  to  appear  lower  than  it  is.  From  a  chemical  standpoint 
the  term  combustible  as  applied  to  the  fuel  minus  moisture  and 
a«h  is  not  correct,  because  the  constituents  are  carbon,  hydron, 
sulphur,  oxygen  and  nitrogen,  the  latter  two  not  being  combus- 
tibles. In  place  of  combustible  it  is  preferable  to  designate  the 
fuel  minus  moisture  and  ash  as  pure  coal;  therefore,  the  amount 
of  evaporation  per  pound  of  combustible  would  necessarily  be 
greater  than  per  pound  of  pure  coal. 
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DURING  TRIAL  TRIP  BETWEEN  CREWE  AND  RUGBY  ON  27th.,  MARCH  1904. 


m 


TitANSACTIONt 


AMKitiCAS  SoCTF.-ry  Of  Mkciiamial  Bkoiseeiui.     Vol.  XXV. 


LOCATING  LINE JL 


TRACTION  LINE  SHOWING  PULL        0 
ON  ENGINE  DRAWHOOK  IN  TONS       ». 


DATUM   LINE  FOR  TRACTION 


INDICATOR  DIAGRAMS  TAKEN 
AT  POINTS  MARKED  THUS  ^ 


DATUM  LINE  FOR  GRADIENTS 

MILEAGE        1. 

SPEED  IN  MILES  PER  HOUR 


TUl. 


JITL 


50         50  51 

COMPC;-fSON  AND  WEIGHT  OF  TRAIN,    t.     c.    Q 
4.<.\>ii;         naseuger Knfftno "Prvcuraor"  .   .   .   .     ae— 15  — 0 

*WM  render. 57-  0-0 

l>>ii;,i  irCar ■  "-  o-o 

i:--;.^  icbe«. 383-  u  -8 

TOTAL  WEIGHT^    JTi  -    8-3 
^\  '  rata  exoluslvi-  uf  £u^iiv  mul  Ti:mlcr.=  ST^J^^^ 


'<^^^C1'[ 


TRAIN  STEAM  HEATED  AND  ELECTRICALLY  LIGHTED  IN  ALL  VEHICLES  EXCEPTING  THE  DYh 

Fig.  199. 


E.  A.  Hitchcock. 


TRAIN  TRAVELLING  IN  DIRECTION  OF  ARROW 


n 11 LOCATING  LINE 


r         TRACTION  LINE  SHOWING  PULL 
(I        ON  ENGINE  DRAWHOOK  IN  TONS 


1        DATUM  LINE  FOR  TRACTION 


INDICATOR  DIAGRAMS  TAKEN 
AT  POINTS  MARKED  THUST 


DATUM  LINE  FOR  GRADIENTS 
MILEAGE 


SPEED  IN  MILES  PER  HOUR 


LONDON  AND  NORTH  WESTERN  RAILWAY 
i-coupRa  Pu:^j.Liimr  ]:iij{iiic  "iMtixriwoit"  so.  5ia. 

Diagram  showing  speeds,  dhawbar  pull  a.  horse  power  developed, 
during  trial  trip  betwecn  .lugbv  and  crewe  on  27th.,  march  1904. 


Y  LIGHTED  IN  ALL  VEHICLES  EXCEPTING  THE  DYNAMOMETER  CAR. 
FiQ,  100. 


iBANSAtTIOSM    AMKBICA.N   SotlKTr  OK  MeCHASKAL   EsGINEEIlS.       VoL.    SXV 


LONDON   AND   NORTH    WESTERN    I 
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Prof.  E.  A.  Hitchcock.'^ — Mr.  Forsyth  calls  attention  to  the  dif- 
ference in  radiation,  etc.,  for  engines,  as  he  supposes,  230  and  240. 
I  wish  to  say  that  those  values  were  not  on  different  engines,  hut 
on  the  same  engine  as  the  statement  on  page  553  would  show,  that 
is,  that  the  trials  of  1903  were  made  on  one  locomotive  only. 
Brooks  ]^o.  257,  there  being  a  misprint  in  inserting  the  tables. 
However,  the  point  raised  would  apply  under  the  actual  conditions. 
That  is,  the  figures  indicate  that  the  same  locomotive  has  fifteen 
times  greater  loss  throug*h  radiation,  etc.,  during  one  trial  than 
during  another.  To  those  who  have  had  experience  in  obtaining 
boiler  heat  balances  it  is  not  at  all  surprising  to  obtain  that  dif- 
ference in  the  unaccountable  loss.  In  fact  I  should  not  consider  it 
remarkable  in  the  case  of  this  same  locomotive  working;  under 
practically  the  same  conditions  on  two  trials,  to  find  in  computing 
the  heat  balances  that,  in  the  one  case,  the  radiation  loss  would 
come  out  say  3  per  cent.,  and  in  the  second  place  come  out  say 
zero.  Under  such  conditions,  of  course,  we  would  not  conclude 
that  the  radiation  loss  for  this  same  locomotive  in  one  trial  was  of 
an  infinite  number  of  times  greater  than  in  the  second  trial. 

Since  the  unaccountable  loss  in  the  heat  balance  is  obtained  by 
difference,  all  the  errors  due  to  observation,  sampling  of  coal  and 
refuse,  would  enter  into  that  factor,  and  one  may  expect  con- 
siderable variation,  especially  in  locomotive  work  where,  on  the 
road,  the  conditions  cannot  be  controlled  as  easily  as  in  stationary 
practice.  It  is  well  known  that  in  order  to  obtain  an  accurate 
boiler  heat  balance  the  mo^t  difficulty  is  experienced  in  getting  a 
fair  sample  of  the  coal  used.  This  would  also  apply  to  the  refuse. 
Xow,  if  there  is  a  considerable  variation  in  the  sample  of  coal,  the 
calorific  value  as  obtained  by  the  calorimeter  would  vary  somewhat 
from  the  true  value,  this  variation  at  once  producing  quite  a  per- 
centage of  variation  in  the  radiation  or  unaccountable  loss.  For 
example,  compare  the  trials  referred  to,  made  on  locomotive  ^N^o. 
257,  where  the  radiation  loss  is  fifteen  times  greater  in  one  case 
than  in  the  other.  If  in  the  second  case  the  true  calorific  value  of 
the  coal  used  was  not  13,394  but  was  13,100,  a  difference  of  only 
2.2  per  cent.,  the  radiation  loss  would  then  be  increased  to  about 
2|^  per  cent.,  in  which  case  this  loss  would  have  changed  from  fif- 
teen times  to  1.3  times.  In  fact  under  certain  conditions,  in  the 
case  of  a  locomotive,  I  should  not  be  surprised  to  see  the  radiation 

*  Author's  closure,  under  the  Rules, 
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and  unaccountable  loss  come  out  a  minus  quantity  as  long  as  we 
determine  this  factor  bv  difference,  containing,  therefore,  all 
aceinuulated  errors. 

The  percentage  of  air  excess  is  not  entirely  dependent  upon  the 
draft,  so  that  if  in  a  locomotive  with  a  strong  draft  we  obtain,  as 
we  did,  an  air  excess  of  31.8  per  cent.,  it  does  not  necessarily 
follow  that  on  a  stationary  boiler  mth  a  lower  draft  the  percentage 
of  air  excess  would  also  be  lower.  This  does  follow,  however, 
where  all  conditions  as  regards  boiler  setting,  the  kind  and  char- 
acter of  coal,  and  the  method  of  firing  remain  constant,  but  in  the 
two  cases  compared  the  boilers  Avere  different,  the  coals  were 
entirely  different,  condition  of  the  coals  different,  firemen  dif- 
ferent, and  tlie  thickness  of  fire  different. 

The  loss  due  to  products  of  combustion  alone  are  computed 
entirely  from  the  ultimate  analysis  of  the  coal,  the  ash  and  the 
temperature  of  the  escaping  gases,  the  analysis  of  flue  gases  not 
entering  in  any  way  only  in  cases  where  CO  is  formed.  Therefore, 
it  does  not  follow  that,  while  the  flue  gases  by  analysis  are  nearly 
identical,  the  loss  due  to  the  products  of  combustion  should  also 
be  so.  The  reasons  why  in  the  cases  cited  the  loss  from  products 
of  combustion  for  the  locomotive  boiler  is  nearly  double  that 
for  the  stationary  boiler,  is  because  in  one  case  Hocking  coal  was 
used  while  for  the  other  Pocahontas.  This  fact,  however,  would 
make  a  comparatively  slight  difference,  the  greatest  being  caused 
by  the  difference  in  flue  temperatures,  which  in  the  case  of  the  sta- 
tionary boiler  was  499  degrees,  while  in  the  case  of  the  locomotive 
boiler  760.4  degrees.  Consider  the  products  of  combustion  from 
the  locomotive  on  the  same  temperature  basis  as  in  the  stationary 
boiler,  and  we  would  have  the  air  going  to  the  ash-pan  at  a  tempera- 
ture of  174  degrees,  with  499  degrees  temperature  of  gases  out  of 
the  stack, or  a  range  of  32 5  degrees  instead  of  701.40.  The  locomo- 
tive shows  a  loss  of  1,618  British  thermal  units  per  pound  of  coal, 
or  2.3  British  thermal  units  per  degree  difference  in  temperature, 
which  if  working  through  a  range  of  325  degrees  would  mean  a 
lo8«  doe  to  products  of  combustion  of  747.5  British  thermal  units, 
or  5.6  per  cent. 
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No.  1033.* 

TESTING   LOCOMOTIVES   IN   ENGLAND. 

BT   MR.    CHURCHWARD,    MR.    PETTIGREW   AND   OTHERS. 

1.     TESTING    PLANT    ON    THE    GREAT    WESTERN    RAILWAY 

AT   SWINDON. 

BY    MR.    G.    J.    CHURCHWARD,  Member, 
Locomotive  Superintendeut  of  the  Great  "Western  Railway. 

1.  The  Great  Western  Eailwaj  Co.  have  recently  put  down  in 
their  erecting  shop  at  Swindon  a  plant  for  testing  locomotives. 
This  machine  consists  of  a  bed  made  of  cast-iron,  b'?lted  on  a  con- 
crete foundation,  with  timber  baulks  interposed  for  the  lessening 
of  vibration.  On  this  bed  five  pairs  of  bearings  are  arranged  to 
slide  longitudinally  so  that  they  may  be  adjusted  for  any  centres 
of  wheels  that  are  to  be  put  upon  the  plant.  In  these  bearings 
axles  are  carried  ha^dng  wheels  fitted  with  steel  tires  on  which  the 
locomotive  runs.  These  axles  are  also  fitted  with  drums  on  which 
band-brakes  act  for  absorbing  wholly  or  in  part  the  power  devel- 
oped by  the  engine.  Outside  these  band-brakes,  pulleys  ha^'ing  an 
18-inch  face  are  provided  at  each  end  of  the  axle  for  driving  link- 
belts,  by  which  it  is  intended  to  transmit  the  major  portion  of  the 
power  developed  by  the  engine  to  air-compressors,  so  that  it  may 
not  be  wasted. 

2.  The  hydraulic  brakes  will  then  only  absorb  just  enough 
power  to  enable  them  to  govern  the  speed  of  the  engine.  These 
brakes  are  actuated  by  a  water-supply  from  an  independent  pump, 
the  outlet  of  this  water-supply  being  throttled  either  by  a  stop- 
valve  or  by  a  throttle  actuated  by  a  centrifugal  governor.  This 
latter  device  enables  the  speed  of  the  engine  to  be  set  at  any  re- 
quired number  of  revolutions  and  kept  constant. 

3.  The  carrying  wheels  are  4  feet  IJ  inches  diameter.  The 
main  bearings  are  14  inches  long  by  9  inches  diameter.  The  tire 
of  the  carrying  wheels  is  turned  to  approximately  the  same  section 
on  the  tread  as  the  rails  in  use  on  the  Great  Western.    This  plant  is 

*  Presented  at  the  Chicago  meeting,  May  and  June,  1904,  of  the  American 
Society  of  Mechanical  Engineers,  and  forming  part  of  Volume  XXV  of  the 
2'ransactions. 
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iutondoJ  not  only  for  the  purpose  of  scientific  experiment,  but  also 
for  doing  away  with  the  trial  trips  of  new  and  repaired  engines  on 
the  main  line.  It  has,  therefore,  been  necessary  to  make  it  rapidly 
adjustable  to  take  engines  having  w^heels  of  different  centres.  The 
main  l>od  is  provided  with  a  rack,  and  each  pair  of  bearings  is  pro- 
vided with  a  cross-shaft  having  a  pinion  at  either  end.  These  cross- 
shaft-s  are  driven  from  a  longitudinal  shaft  through  suitable 
clutches.  This  longitudinal  shaft  is  operated  by  electric  motor  and 
is  capable  of  being  reversed.  The  engine  being  run  over  the 
machine  on  an  elevated  frame  which  carries  it  on  the  flanges  of  its 
tires  clear  of  the  carrying  wheels,  it  is  an  easy  matter  to  slide  these 
carrying  wheels  with  their  bearings  till  they  are'  vertically  under- 
neath the  wheels  of  the  engines  to  be  tested.  The  frame  is  then 
lowered  electrically  and  drops  the  engine  into  position  on  the  carry- 
ing wheels. 

4.  AVhen  running  engines  on  trial  trips,  it  is  essential  that  the 
bogie  and  trailing  wheels  of  engines  so  fitted  should  be  run  as 
well  as  the  driving  wheels,  in  order  that  the  axle-boxes  may  take 
a  good  bearing,  and  be  seen  to  be  in  satisfactory  condition  before 
handing  the  engine  over  for  traffic.  To  accomplish  this,  the  carry- 
ing wheels  are  all  coupled  together  by  a  suitable  arrangement  of 
belts  and  jockey  pulleys.  It,  therefore,  follows  that,  even  when  a 
locomotive  having  a  single  pair  of  driving  wheels  is  run  on  the 
plant,  all  the  carrying  wheels  are  rotating  and  in  turn  run  the  bogie 
and  trailing  wheels  of  the  locomotive.  The  jockey  pulleys  are 
necessary  to  retain  the  proper  tension  on  the  belts  when  the  bear- 
ings are  moved  longitudinally. 

5.  0\ving  to  the  varying  height  of  the  footplates  of  different 
classes  of  engine,  it  has  been  found  necessary  to  provide  a  firing 
stage  which  can  be  rapidly  adjusted  vertically.  A  large  coal  bunk 
and  wf'ighing  machines  are  provided  in  connection  with  this  stage. 
Two  water  tanks  are  mount(»d  on  the  same  platform,  for  measur- 
ing the  water  used  when  running,  these  tanks  being  emptied  alter- 
nately when  a  consumption  test  is  being  made. 

6.  Under  the  platform  a  dynamometer  enables  the  drawbar 
pull  of  the  engine  to  be  taken,  and  this,  together  with  counters  on 
the  wheels,  will  enable  the  actual  drawbar  horse-power  to  be 
measured,  and  jk>  compared  with  coal  and  water  consumption  for 
various  classes  of  engines.  As  engines  of  different  lengths  are  to 
be  tested,  and  of  necesHity  have  to  be  fixed  at  the  trailing  end  to 
the  dynamometer,  it  is  necessary  to  have  a  sliding  chimney  for 
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carrying  off  the  steam  and  smoke  from  the  engine  when  running. 
This  has  been  provided  in  the  form  of  a  long  box,  having  a  steel 
plate  running  on  rollers  forming  its  lower  surface,  which  plate 
carries  a  large  bell-mouthed  chimney.  This  box  not  only  enables 
the  chimney  to  slide  longitudinally,  but  will  also  form  a  receptacle 
for  ashes  and  any  other  matter  ejected  by  the  engine,  w^hich  will 
be  retained  and  can  be  examined  both  for  quantity  and  quality. 

7.  It  is  hoped  that  this  plant  will  enable  many  questions  of  the 
relative  economy  of  different  classes  of  engines,  either  simple  or 
compound,  to  be  settled  definitely.  The  questions  of  superheating 
and  the  efficiency  of  various  forms  of  smoke-box  arrangements 
might  be  investigated  on  it.  The  effect  of  various  percentages  of 
balancing  can  be  investigated,  and,  in  fact,  any  of  the  experiments 
which  are  at  present  being  made  on  the  road  may  be  made  on  this 
plant,  with  the  great  advantage  that  any  engine  which  may  be 
selected  can  be  placed  in  position  ready  for  testing,  and  all  con- 
nections made  in  a  time  probably  not  exceeding  an  hour. 

II.    MEASURED   TESTS   IN   SERVICE. 
Instruments  and  Results  Required  at  a  Test. 

BY  MR.  vr.  F.  PETTiGREw,  Membei\ 
Locomotive  Sui>eriutendent  of  the  Furness  Railway. 

8.  As  a  means  of  minimizing  the  w^orking  expenses  of  railway 
working,  there  is  a  tendency  towards  greater  weight  and  length  of 
trains,  requiring  more  powerful  locomotives  than  formerly.  It 
is  necessary  to  use  every  precaution  in  designing  engines  which 
are  most  suitable  for  the  traffic  to  be  dealt  with,  so  that  the  great- 
est efficiency  may  be  obtained.  One  of  the  chief  items  in  the  loco- 
motive working  expenses  is  the  fuel  consumption,  which  makes  it 
most  important  to  have  a  complete  testing  plant,  if  economical 
results  are  to  be  obtained.  Before  contracts  for  coal  are  accepted, 
samples  should  be  thoroughly  tested  as  to  their  relative  con- 
sumption and  cost.  In  making  engine  tests  the  coal  should  be 
carefully  weighed,  and  that  which  is  left  over  should  also 
be  weighed  and  deducted  from  the  total.  The  following  data 
should  be  obtained: — 

The  average  Boiler  Pressure  and  I.H.P. 
Amount  and  Temperature  of  Feed-Water. 
Temperature  of  Gases  leaving  smoke-box. 
Calorific  value  of  tlie  Fuel. 
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From  these  the  efficiency  of  the  engine  and  boiler  can  be  found. 
It  is  also  necessary  to  know: 

The  percentage  of  ash. 

Full  ou  drawbar  by  dynamometer. 

Load  in  tons. 

Number  of  vehicles. 

From  these  results  the  relative  consumption  and,  given  the 
prices,  the  relative  cost  per  consumption  can  be  calculated. 

9.  Indicators. — One  of  the  most  useful  instruments  connected 
with  locomotive  testing  is  the  indicator  (either  the  Crosby,  Mc- 
Innes  or  other),  which  if  properly  handled  shows  a  true  record  of 
what  takes  place  in  the  cylinders,  enabling  any  errors  to  be  cor- 
rected in  the  admission,  cut-off,  release  and  compression  of  steam, 
also  the  adequacy  of  ports  and  steam  pipes  which  may  cause  undue 
waste  of  energy.  It  is  very  essential  that  the  valves  and  pistons 
should  be  kept  in  good  order  and  all  losses  reduced  to  a  minimum. 
Various  methods  for  communicating  the  motion  of  the  piston  to  the 
indicator  by  reducing  gears  are  adopted.  The  usual  method  is  to 
have  a  pillar  carrying  a  lever  which  is  connected  at  the  lower  end 
by  an  oscillating  lever  to  the  crosshead.  The  pipes  are  led  from 
each  end  of  the  cylinder  and  connected  by  means  of  a  three-way 
cock  enabling  diagrams  to  be  taken  from  each  end  of  the  cylinders. 
In  making  the  connections  to  the  cylinders,  care  should  be  taken 
to  keep  clear  of  steam  ports  and  drain  cocks;  also  to  have  the  pipes 
well  lagged,  so  that  correct  diagrams  may  be  procured. 

10.  Tractive  Effort — To  obtain  the  tractive  effort,  or  the  power 
exerted  in  hauling  any  given  'rain,  the  dynamometer  car,  although 
expensive,  is  the  most  useful.  The  car,  which  is  generally  placed 
between  engine  and  train,  is  provided  with  the  necessary  apparatus 
for  obtaining  a  complete  record  of  the  actual  pull  on  the  drawbar, 
the  speed  and  other  data.  From  this  information  the  effective 
horse-power  available  for  hauling  the  train  is  obtained,  which, 
compared  with  that  given  by  the  indicator  cards,  gives  the  mechan- 
ical efficiency  of  the  engine.  Various  other  methods  are  in  use 
for  obtaining  the  drawbar  pull,  either  by  means  of  a  hydraulic 
cylinder  or  springs.  In  the  former  the  cylinder  is  bolted  to  the 
under  side  of  the  tender  frame,  and  the  space  at  the  end  of  the 
cylindfT  filled  with  oil.  The  pressure  is  transmitted  from  the  draw- 
bar through  thf  medium  of  the  oil  to  a  gauge,  which  is  located 
on  the  engine  f)latform  in  view  of  the  attendant.  In  the  construc- 
tion of  the  hydraulic  cylinder,  great  care  should  be  taken  to  reduce 
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the  friction  to  a  miniTnum.  The  records  which  may  vary  from  1  to 
10  tons,  should  be  noted  at  regular  intervals,  and  if  proper  at- 
tention is  paid  very  accurate  results  may  be  obtained. 

11.  Speed. — When  the  dynamometer  cars  are  not  fitted  with 
speed  mechanism,  counters  may  be  used  for  the  purpose  of  regis- 
tering the  number  of  revolutions  which  are  read  off  at  intervals, 
although  for  fast  running  it  is  impossible  to  get  accurate  results. 
The  best  method,  therefore,  is  to  use  a  speed  indicator  and 
recorder,  an  excellent  type  being  the  Boyer  Kecorder,  which  is 
fixed  to  the  platform  of  the  engine  coupled  by  means  of  a  belt  to 
a  pulley  on  the  leading  or  other  axle.  The  instrument  consists 
of  a  rotary  pump  forcing  oil  into  a  cylinder  producing  a  pressure 
dependent  upon  the  speed  of  the  engine,  each  1-32  of  an  inch  rise 
corresponding  to  a  speed  of  one  mile  per  hour.  The  drum  is  pro- 
vided with  a  roll  of  paper,  graduated  to  give  the  speed  and  distance 
travelled,  so  that  the  speed  at  any  point  on  the  road,  the  number 
of  stops,  or  any  shunting  that  takes  place  can  be  seen  at  once. 
The  machine  is  also  connected  by  means  of  a  small  wire  to  a  gauge 
in  the  cab,  which  is  graduated  to  the  number  of  miles  per  hour, 
thus  enabling  the  attendant  to  see  the  speed  clearly.  It  is  neces- 
sary to  adjust  the  machine  to  the  mile-posts  along  the  line. 

12.  Feed-water. — To  measure  the  feed-water  various  methods 
are  in  use,  either  by  graduating  the  tanks  or  using  a  suitable  water 
meter.  The  former  is  very  often  done  by  passing  a  staff  through 
the  top  of  tank,  also  by  a  water-gauge,  one  serving  as  a  check  on 
the  other.  The  chief  difficulties  are  that  the  tender  must  be  per- 
fectly level  before  the  readings  are  taken.  The  scale  is  graduated 
by  admitting  known  quantities  into  the  tank. 

13.  Water  mei;ers  of  the  Siemens,  Worthington  or  other  kind 
give  very  reliable  results  if  properly  connected.  The  gauge  is 
graduated  to  register  the  quantity  in  cubic  feet  as  the  water  is 
passed  out.  As  a  protection  to  the  meter,  a  back-pressure  valve  is 
often  placed  between  the  meter  and  the  injector  to  prevent  blow- 
ing back.  To  obtain  the  exact  evaporative  power  of  the  boiler, 
complete  records  of  feed-water  temperatures  and  the  water  wasted 
by  the  injector  overflow  should  be  taken. 

14.  Tempe7'atures,  Vacuums,  etc. — It  is  also  necessary  to  obtain 
the  vacuums  in  smoke-box  at  the  base  of  chimney,  level  with  top 
of  blast  pipe,  middle  of  nest  of  tubes,  also  pressure  in  firebox  and 
ashpan.  The  apparatus  generally  used  consists  of  a  U  tube  mount- 
ed on  a  graduated  board,  one  leg  being  connected  by  a  pipe  to 
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the  point  where  the  vacmim  is  to  be  determined  and  the  other 
left  open  to  the  atmosphere.  Temperatures  are  also  taken  of  the 
smoke-box  gases,  which  register  from  400  to  700  degrees  Fahr. 
A  mercurial  thermometer  may  be  used  for  temperatures  up  to 
670  degrees  Fahr.,  beyond  this  a  pyrometer  or  thalpotasimeter 
is  necessary.  To  determine  the  quality  of  the  steam,  throttling 
calorimeters  are  sometimes  used. 

15.  Coal. — The  coal  measurement  is  a  very  important  factor. 
The  tender  should  be  cleared  off,  and  the  coal  to  be  tested  carefully 
weighed  before  tipping  on  to  the  tender ;  or,  better  still,  the  coal 
should  be  put  in  bags  each  of  1  cwt.  capacity.  On  completion  of 
the  trial  the  coal  left  is  weighed  oif  and  deducted  from  the  total. 
The  quantity  used  for  lighting  up  should  be  carefully  noted.  The 
temperature  of  water  in  boiler  at  the  time  of  lighting  up,  also  at 
the  drawing  fires,  actual  running  time,  and  time  standing  should 
be  noted.  When  the  fires  are  drawn,  the  ashes  from  the  fire- 
box, ash-pan  and  smoke-box  are  each  weighed  separately  to  obtain 
the  percentage  of  ash.  Samples  are  also  taken  for  calorimeter 
tests  for  obtaining  the  calorific  value  of  each  fuel.  The  average 
boiler  pressure  taken  at  regular  periods  and  steaming  qualities 
should  be  noted,  as  bad  steaming  coal  with  thin  close  clinker  may 
cause  serious  delays  to  traffic,  owing  to  the  frequent  cleaning  of 
fires.  It  is  sometimes  necessary  to  make  complete  analysis,  owing 
to  the  injurious  action  of  some  coal  on  the  fire-box  plates. 

liesuUs  Required  in  the   Testing  of  Locomotives. 

Mean  boiler  pressure,  throughout  journey. 

Total  coal  used  (exclusive  and  inclusive  of  lighting  up). 

Coal  Vmrnt  per  hour  (running  time  and  journey  time). 

Coal  burnt  per  square  foot  of  grate  area  per  hour  of  running  time  and  of 

journey  time. 
Coal  burnt  per  I. II. P.  per  hour  running  time  and  journey  time. 
Coal  burnt  per  train-mile,  engine-mile,  ton-mile,  and  per  lb.  pull  on  drawbar 

per  mile,  also  per  hour. 
Calorific  value  of  1  lb.  of  coal  in  B.T.U. 

Ashes  in  smoke-box,  in  ash-pan,  in  fire-box,  total  and  percentage. 
Total  water  evaporated. 

Water  evaporated  per  hour  running  time  and  journey  time. 
Water  eva{K>rated  per  square  foot  of  total  heating  surface   per  hour,    both 

running  time  and  journey  time. 
Water  evajK^raterl  per  I. II. P.  per  hour  running  time. 
Water  evaporatf^'l  j)er  train-mile  and  per  engine-mile. 
Water  evaporated  per  lb,  of  coal,  exclusive  and  inclusive  of  lighting  up. 
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Water  evaporated  per  hour  (from    feed    temperature   and   equivalent    from 

and  at  212°  F.). 
Maximum  I.H.P. 

Mean  I.H.P.  calculated  from  indicator  cards  from  work  done. 
Curve  of  H.P.    (Mean  height.) 
Maximum  speed. 

Mean  speed  (exclusive  and  inclusive  of  stops). 
Actual  running  time  and  journey  time. 
Train  and  engine  miles. 
Time  from  lighting  up  to  taking  out  fire. 
Temperature  of  water  in  boiler  at  time  of  lighting  up. 
Maximum  and  mean  vacuum  at  base  of  chimney. 
Maximum  and  mean  vacuum,  level  with  top  of  blast  pipe. 
Maximum  and  mean  vacuum  at  middle  of  middle  row  of  tubes. 
Maximum  and  mean  pressures  through  fire-hole  door. 
Maximum  and  mean  pressures  through  ash-pan. 
Maximum  and  mean  temperatures  of  smoke-box  gases. 
EflBciencies  of  engine,  boiler,  and  engine  and  boiler  combined. 
Maximum  gradient. 

Coal  stated  includes  that  used  whilst  standing  for  (— )  hours. 
Maximum  and  mean  pull  on  drawbar. 
Maximum   and   mean  load  hauled   in   tons,    exclusive    of    engine,    tender, 

passengers,  and  luggage. 
Maximum  and  mean  number  of  vehicles  hauled. 
Maximum  and  mean  number  of  journals. 
Mean  load  per  journal. 

Back  pressure  at  maximum  I.H.P.  and  at  maximum  speed. 
Heat  (in  B.T.U.)  carried  away  by  the  products  of  combustion. 
Heat  expended  in  evaporating  the  water. 
Heat  lost   by   radiation,    imperfect   combustion,    and    evaporative    moisture 

in  coal. 
Heat  converted  into  work  per  minute. 
Heat  taken  up  by  the  feed- water  per  minute. 
Relative  consumption  of  coal  based  on  pull  of  drawbar. 

"  "  *'         "  "  ton-mileage. 

"  **  "         "  "  calorimeter  tests. 

Relative   value  of  coal  =  Relative  consumption  multiplied  by  cost  per  ton 
delivered. 

The  results  obtained  should  all  be  shown  graphically  by  means 
of  diagrams,  which  should  give  the  profile  of  the  line  run  over. 


HI.  OTHER  METHODS   OF   TESTING. 

16.  Several  locomotive  superintendents  have  written  to  the  In- 
stitution describing  their  methods  of  testing  locomotives  in  actual 
service. 
89 
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17.  J/r.  John  F.  M'ljifosh,  of  the  Caledonian  Eailway,  writes: 
— *^  I  have  yours  of  27th  ult.,  and  beg  to  inform  you  that  we 
have  no  fixed  locomotive  testing  plant,  properly  so  called,  unless 
a  10-mile  gradient  of  1  in  75  may  be  classed  as  such.  All  our 
tests  have  been  confined  to  those  taken  in  actual  running.  Indi- 
cator diagrams  are  taken  from  both  cylinders  !  dmultaneously  at 
intervals  of  one  minute,  the  times  being  given  by  an  observer  in 
the  cab  working  the  whistle.  The  Tabor  indicator  is  used.  The 
number  of  revolutions  is  taken  at  the  same  times  from  the  revo- 
lution counter  connected  to  the  crosshead.  The  steam  pressure  in 
boiler  and  valve  chest,  the  opening  of  the  regulator  and  position 
of  reversing  lever  are  all  noted  at  one-minute  intervals.  The  quan- 
tity of  water  used  is  measured  at  all  stopping  places  by  means 
of  a  gauge  rod,  the  depth  being  afterwards  read  off  in  gallons 
from  a  table.  The  coal  is  weighed  when  placed  on  the  tender,  the 
remainder  being  again  removed  and  weighed  after  the  trip.  In 
addition,  and  in  order  to  check  the  speeds,  the  times  of  passing 
all  stations  are  taken,  and  also  all  signal  checks. 

18.  "  Tests  of  this  kind  are  made  under  difficult  conditions  for 
the  observers,  and  it  is  therefore  more  difficult  to  obtain  accurate 
results.  At  the  same  time,  these  are  the  working  conditions  for 
the  engine,  and  these  conditions  are  simply  unobtainable  in  a  fixed 
testing  plant." 

in.  Sir  Douglas  Fox  states  that,  for  the  every-day  testing  of 
new  locomotives,  friction  rollers  are  used  by  one  or  two  of  our 
largest  locomotive  builders,  but  they  are  not  fitted  with  brakes, 
and  their  sole  and  only  object  is  to  enable  an  examination  of  the 
moving  parts  of  the  locomotive  to  be  made,  the  engine  itself  re- 
maining stationary.  The  main  object  in  testing  a  locomotive  is 
to  detect  mechanical  defects,  to  see  that  ample  clearances  are 
allowed,  and  generally  that  the  engine  is  in  a  good  workable  con- 
dition. As  to  what  horse-power  is  developed,  what  the  pull  on  the 
drawbar  is,  how  much  coal  and  water  is  used,  the  amount  or  vol- 
ume of  air  admitted,  temperature  of  smoke-box  gases,  etc.,  etc., 
no  observations  are  taken.  These  are  data  that  must  be  obtained 
by  persons  who  are  specially  appointed  to  undertake  this  class  of 
work,  and  who  have  unlimited  time  and  appliances,  and,  above  all, 
are  not  having  engines  built  under  contract.  IN'o  doubt  a  testing 
plant  will  give  a  considerable  amount  of  information,  but  a  loco- 
motive is  subject  to  such  varsnng  conditions  of  wind  and  weather, 
condition  of  rails,  uneveness  of  road,  which  are  all  absent  in  a 
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nicely  warmed  and  ventilated  laboratory,  that  all  results  thus  ob- 
tained are,  in  a  measure,  only  comparative. 

20.  J/r.  T.  Hurry  Riches,  of  the  Taff  Vale  Railway,  wrote  that 
all  the  locomotive  departments  of  the  larger  railways  had  elaborate 
shops  fitted  ^nth  machines  for  testing  materials  used  in  the  con- 
struction of  locomotives.  The  Great  AVestern  Railway  and  the 
Great  Eastern  Railway  had  carried  out  a  good  many  tests  on 
locomotives  as  well  as  on  material.  He  himself  had  given  special 
attention  to  the  testing  of  springs  and  had  erected  a  powerful 
machine  for  this  purpose. 

The  following  recent  references  to  locomotive  testing  may  be 
of  interest : — 


Inst.  Mecli.  E. 


Date. 


1893. 


Pages. 


109. 


"  Engineering. 

"     9/4/97. 

434. 

(t 

5/11/97. 

.■)C9. 

<< 

1/1/98. 

20. 

Inst.  Mech.  E. 

1898. 

605. 

"  Engineering. 

"    7  7  99. 

21. 

<( 

25/1/01. 

104. 

<< 

:\ray  1902. 

627,  660, 

Inst.  Mech.  E. 

1904. 

— 

Remarks. 

!  Experiments    on    tlie  Draught  pro- 
duced in  different  parts  of  a  Loco- 
motive when  running  (Aspinall). 
Locomotive  Tests  (Bryan  Donkin). 
^  Report  of  Tests  at  Purdue  University 
{      (Sir  Douglas  Fox). 
(Locomotive  Performances  on  L.  and 
\     N.W.R. 

j  Express     Locomotives     (President's 
(     Address). 

{Non-stop     run,  Euston     to     Crewe 
Dynamometer  record  with  special 
train. 
Locomotive  Boiler  Tests  at  Purdue. 
627,  660,  692.  Tests  of  Boiler  at  Purdue  University. 
Discussion  on  Paper  by  M.  Sauvage. 
Dynamometer  and  measured  trials 
in  France,  and  on  the  London  and 
North  Western,  the  Midland,  and 
the  North  Eastern  Railways. 


DISCUSSION. 


J/?'.  T.  P.  Beay. — An  apparatus  for  trying  four-wheel  coupled 
tram  engines  was  erected  at  Airsdale  Foundry,  Leeds,  in  the  j^ear 
1886.  (It  consisted  of  a  framework  on  wheels  suited  to  a  4  foot 
8^  inch  gauge,  so  that  the  wdiole  apparatus  could  be  put  upon  the 
ordinary  lines  and  readily  removed  from  place  to  place.)  On  the 
top  of  the  framework  which  was  made  with  a  clear  space  between 
plates,  6  feet  wide,  inside  bearings  were  placed  which  carried 
two  axles  with  rollers  upon  them.    These  rollers  had  a  diameter  of 
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2  feet,  and  could  be  set  at  any  gauge  on  the  axles  from  2  feet  to 
5  feet  6  inches,  and  the  axles  themselves  could  be  placed  at  centers 
varving  from  3  feet  to  9  feet.  Bearings  were  arranged  close  to 
each  roller.  They  were  carried  on  cross  girders  and  could  slide 
across  their  supports  to  any  necessary  position. 

In  the  center  of  one  driving  axle  was  a  brake  pulley  with  a  strap 
and  a  long  lever  suitable  for  measuring  the  brake-power  employed. 
On  the  sliding  bearings  bent  plates  were  firmly  fixed  to  rise  as 
guards  above  the  contact  surface  of  the  tram-wheel  and  the  roller, 
in  order  to  prevent  a  nmaway. 

For  the  purpose  of  gaining  further  security  a  big  casting  was 
attached  to  the  back  with  a  slot  hole  in  it,  so  that  a  connection 
could  readily  be  made  to  the  draw  gear  at  any  height. 
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APPENDIX  IV.    TO   SIXTH  REPORT   OF  THE 
ALLOYS  RESEARCH  COMMITTEE. 

THE   EFFECTS   OF    STRAIX   AND  OF   AXXEALIXG 

IX  AL^MI^'IU^^,  Antimony,  Bismuth,  Cadmium,  Copper,  Lead, 
Silver,    Tin,  and  Zixc.f 

BY   DR.    WILLIAM   CAMPBELL, 

Barnard  Fellow  of  Columbia  University,  New  York, 
late  of  the  Royal  School  of  Mines,  London. 

1.  Since  the  introduction  of  the  microscope  in  the  study  of 
metals  and  alloys  a  great  deal  of  work  has  been  done.  Iron  and 
Bteel  have  received  by  far  the  greatest  attention,  due  to  their  great 
importance.  The  crystalline  structure  of  iron  and  steel  has  been 
carefully  worked  out  by  Stead,:}:  Osmond§  and  many  others ;  that 
of  gold  by  Arnold,  Andrews,*^ and  Roberts-Austen  and  Osmond;"'''' 
whilst  the  effects  of  strain  have  been  studied  by  Ewing  and  Rosen- 
hain.tf  For  a  bibliography  the  reader  is  referred  to  the  "  Metal- 
lographist,"  vol.  I  (1898),  page  168. 

*  Presented  at  the  Cbicago  meeting.  May  and  Jane,  1904,  of  the  American 
Society  of  Meclianical  Engineers,  and  forming  pait  of  Volume  XXV.  of  the 
Transactions, 

\  Being  a  summary  of  various  Papers  handed  in  by  Sir  William  Roberts- 
Austen  in  October,  1901. 

X  "  Crystalline  Structure  of  Iron  and  Steel,"  Journal  Iron  and  Steel  Institute, 
1898,  Part  I. 

§  Bulletin  de  la  Societe  d'Encouragement  pour  Tlndustrie  Xationale.  1895  on- 
wards. 

II  "  Influence  of  Small  Quantities  of  Impurities  on  Gold  and  Copper,"  J.  O. 
Arnold  and  J.  Jefferson,  "  Engineering,"  7  February,  1896. 

•^  "  ^licroscopic  Structure  of  Gold  and  Gold  Alloys,"  "  Engineering,"  30  Sep- 
tember. 28  October,  and  9  December,  1898. 

**'0n  the  Structure  of  Metals;  Its  Origin  and  Causes,"  Philosophical 
Transactions,  Royal  Society,  1896,  vol,  clxxxvii. 

•ff  "The  Crystalline  Structure  of  Metals,"  Philosophical  Transactions,  Koyal 
Society,  vol.  cxciii,  page  353. 
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2.  In  this  Appendix  the  structures  found  on  the  surfaces  of 
small  ingots  and  buttons  have  been  studied  in  the  case  of  the 
metals  aluminum,  antimony,  bismuth,  cadmium,  copper,  gold, 
lead,  platinum,  silver,  tin  and  zinc. 

3.  In  order  to  secure  a  clean  surface  tlie  metals  were  care- 
fully skimmed  during  casting  by  means  of  a  small  piece  of 
charcoal  held  over  tlio  mouth  of  the  crucible.  When  cold  the 
ingot  was  examined  under  the  microscope.  In  most  cases  a  den- 
dritic structure  characteristic  of  the  metal  was  found  at  one  or 
more  jilaces  on  the  surface.  By  etching  with  dilute  acid  th(^  dif- 
ferences in  orientation  of  the  granular  crystallization  of  the  metal 
were  shown  up.  Deeper  etching  in  most  cases  revealed  the  struc- 
ture of  the  gTains  or  primary  crystals  themselves.  It  was  often 
found  that  casting  a  thin  sheet  of  metal  on  a  flat  stone  slab  helped 
to  show  up  the  (hmdritic  structure.  In  some  cases  casting  was 
performed  on  a  flat  iron  surface  to  produce  more  rapid  cooling. 

4.  The  effect  of  slight  strain  was  observed  by  examining  the 
surface  of  a  small  bar  or  ingot  after  bending  to  a  slight  angle  and 
straightening  again. 

5.  The  effects  of  great  strain  were  found  on  examining  the 
structures  of  ingots,  etc.,  after  hammering  or  rolling.  In  the  case 
of  cadmium,  lead,  tin  and  zinc,  the  metal  was  rolled  or  hammered 
out  into  thin  strips  and  its  structure  examined  after  etching. 

<>.  Annealing  was  performed  by  heating  the  strips  or  sheet  of 
metal  in  an  air  bath  or  on  a  hot  plate  at  a  temperature  of  200 
degrees  Cent.  (302  degrees  Fahr.)  or  under.  The  specimens  were 
etched  and  examined,  and  the  effects  of  annealing  observed. 
Where  sections  were  made  the  specimens  were  cut,  filed,  and 
smoothed  down  on  Nos.  0  and  00  commercial  emery  cloth,  then 
rubbed  on  French  emery  ])apers  0  to  0000,  and  finally  polished 
with  broadcloth  and  rouge.  A  motor-driven  revolving  table  was 
u.sed,  witii  interchangeable  discs  to  which  the  various  polishing 
cloths  and  papers  were  attached.  The  method  of  photographing 
the  various  structures  has  already  been  explained."^ 

T.  In  the  case  of  very  soft  metals  such  as  lead  and  tin,  and 
also  of  tiie  softer  alloys,  great  care  has  to  be  taken  when  polisli- 
ing  a  section.  If  too  much  pressure  be  applied  the  metal  tends  to 
spread  and  form  a  film  over  the  surface  of  the  section.  Again, 
when  a  soft  metal  or  allov  is  cut  with  a  file,  there  is  a  tendencv 


Procfjf dings,  1901,  page  1249. 
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for  particles  to  stick  to  the  file  and  tear  a  surface  of  the  section. 
After  the  polishing  has  been  completed  and  the  metal  etched,  long 
parallel  lines  of  irregular  grains  or  crystals  are  found  as  the  result 
of  the  strain  on  the  surface.  On  cutting  with  a  saw  a  similar  crys- 
tallization is  developed,  and  unless  the  metal  thus  modified  is  re- 
moved during  grinding  and  polishing,  this  crystallization  due  to 
strain  appears,  on  etching,  along  with  the  original  structure  of  the 
metal.  Of  course  the  new  structure  is  only  on  the  surface,  and  can 
generally  be  obliterated  by  deep  etching,  but  it  shows  that,  even 
under  slight  pressure,  metals  and  alloys  will  rearrange  themselves. 
In  the  following  examples  the  illumination  is  vertical  unless 
otherwise  stated. 

Aluminium. 

8.  If  a  bar  of  commercial  aluminium  be  examined  depressions 
will  be  found  on  the  surface  at  those  points  where  the  metal  has 
solidified  last.  In  these  depressions  are  seen  numbers  of  den- 
drites of  characteristic  form,  passing  gradually  into  the  normal 
granular  structure.  On  the  sides  and  base  of  the  bar,  where  it  has 
cooled  in  contact  with  the  mould,  dendrites  of  a  peculiar  leaf- 
like form  are  seen  standing  up  above  the  surface,  being  the  first 
points  of  solidification. 

9.  The  structure  of  aluminium  can  best  be  examined  when  the 
metal  has  been  cast  upon  a  smooth,  cold  surface.  In  this  way  tlie 
whole  series  of  structures  from  grains  to  dendrites  can  be  found 
on  the  base  of  the  metal. 

10.  Fig.  201,  X  30  diameters,  vertical  illumination,  shows  the 
usual  granular  structure.  The  metal  was  cast  upon  a  polished 
iron  surface,  and  was  iV\"i^ch  thick.  The  view  is  of  the  base, 
whicli  cooled  in  contact  with  the  iron  surface. 

11.  Fig.  202,  X  30  diameters,  shows  a  similar  surface  from  a 
piece  of  metal  TVo-ii"Lch  thick.  In  this  case  the  grain  surfaces  are 
covered  with  very  fine  markings,  Avliich  are  found  to  be  the  out- 
lines of  the  dendrites  or  skeletons  which  build  up  each  grain. 

12.  Fig.  203,  X  30  diameters,  from  a  piece  of  metal  -iVu-inch 
thick,  shows  a  step  further  in  the  development  of  the  dendritic 
structure  which  is  now  pronounced.  In  the  centre  can  be  seen  a 
dendrite  of  cubic  form,  whilst  around  it  are  seen  numerous  forms 
elongated  in  the  direction  of  their  growth,  for  the  central  dendrite 
had  evidently  been  a  centre  of  crystallization. 

13.  Figs.  201  and  205,  X  30  diameters,  taken  from  the  base  of  a 
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piece  of  metal  i\fy-iiicli  thick,  are  in  contrast  with  the  above.  Here 
we  see  a  very  line  granular  structure,  because  the  crystal  grain 
has  grown  perpendicular  to  the  surface.  These  are  the  secondary 
crystals  or  grains  of  Andrews  (and  Arnold),  and  possess  a  distinct 
orientation.  In  I'ig.  :^05  several  of  these  secondary  grains  have 
grown  to  a  considerable  size.  They  stand  out  above  the  surface, 
having  been  the  first  to  solidify. 

ir>.  In  Fig.  1^00,  X '50  diameters,  the  maximum  development  of 
the  (k'udritic  structure  is  obtained.  The  specimen  was  cast  on 
stone,  and  the  view  is  of  the  surface.  The  rate  of  freezing  has 
been  much  slower  than  that  of  any  of  the  above  examples.  The 
dendrites  are  composed  of  two  axes  at  right  angles,  and  as  a  rule 
only  one  (piadrant  of  the  dendrite  has  reached  perfect  develop- 
ment. On  etching  and  examining  by  oblique  illumination,  it  is 
seen  that  the  dendrites  form  the  skeletons  of  the  granular  struc- 
ture, as  in  the  previous  examples. 

1.").  Fig.  207,  X  12  diameters,  oblique  illumination.  If  a  small 
ingot  of  the  metal  be  cast  and,  when  partly  solid,  the  remaining 
liquid  be  carefully  poured  ofP,  the  internal  structure  is  laid  bare. 
This  Fig.  shows  the  surface  of  such  an  ingot.  Three  large  grains 
or  crystals  are  seen,  and  each  is  built  up  of  numerous  small  cubes 
similarly  oriented  in  the  same  grain.  Under  a  higher  magnifica- 
tion, each  cube  is  found  to  be  built  up  of  very  small  grains  with 
a  distinct  orientation.     These  are  the  tertiary  grains. 

10.  When  a  piece  of  aluminium,  showing  the  granular  structure 
of  lig.  201,  is  etched  lightly,  numerous  small  pits  are  eaten  out  and 
the  surface  shows  a  structure  similar  to  Fig.  202.  Under  a  higlier 
power  these  pits  are  seen  to  have  a  definite  orientation,  but  their 
shape  is  indefinite  and  obscure,  though  it  seems  probable  that  by 
etching  with  a  suitable  solvent  they  may  be  found  to  be  cubic. 

17.  When  a  piece  of  aluminium  is  strained,  numerous  slip  lines 
are  loriiied.  So  far  no  broad  bands,  denoting  parallel  twinning 
a3  the  result  of  strain,  have  been  observed.  These  slip  lines  are 
all  parallel  to  some  one  or  more  definite  directions,  which  in 
many  cases  were  observed  to  be  at  an  angle  of  45  degrees  with  the 
axes  of  the  dendrite  of  the  grain ;  this  would  coincide  with  a  pos- 
sible cleavage  parallel  to  llie  faces  of  the  octahedron.  Severe 
.straining  tends  to  show  up  the  granular  structure,  as  was  pointed 
out  by  Charpy  and  by  Ewing  and  Hosenhaim. 

18.  rig.  208,  /  5  diameters,  oblique  illumination,  shows  the 
base  of  a  piece  of  aluminium  cast  on  iron  and  severely  strained 
by  squeezing. 
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Fig. -201. —Cast   x  30  diams. 

•'    208.— ' 

■'    205.-    '• 

"    207.--Ino;ot  x  12     " 


Fig.  202.— Cast   x  30  diams. 

"    204.— 

"    206.—    " 

"    208.—    "    and  strained  x  5  diams 
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19.  When  ahmiiniinn  is  hammered  or  rolled  out,  the  large 
grains  are  broken  np  and  the  structure  becomes  very  fine.  It  is 
extremely  difficult  to  resolve  this  structure  where  rolling  has  pro- 
duced a  verv  thin  sheet  or  strip,  because  here  we  are  apparently 
dealing  with  grains  Avliich  have  been  elongated.  The  metal  is 
very  difficult  to  etch.  On  annealing,  the  metal  loses  most  of  its 
elasticity  and  becomes  limp.  Crystals  apparently  grow,  as  in  the 
case  of  lead,  tin,  zinc,  etc.,  but  as  before,  the  structure  is  extremely 
difficult  to  bring  out  by  etching.     Further  work  is  necessary. 

Antimony. 

20.  The  beautiful  stars  met  with  on  the  surfaces  of  large  in- 
gots are  too  Avell  known  to  need  describing.  When  a  small  ingot 
is  cast  and  etched  it  is  seen  to  possess  the  granular  structure  com- 
mon to  most  metals.  Deep  etching  reveals  the  difference  in  ori- 
entation of  the  primary  crystals  which  are  seen  to  be  built  up  of 
secondary  grains. 

-1.  A  piece  of  large  ingot  was  examined  and  the  surface  was 
found  to  be  covered  by  comparatively  small  dendrites  composed  of 
two  main  axes,  often  at  right  angles.  From  each  axis  grow  paral- 
lel branches  composed  of  clublike  secondary  grains,  resembling 
those  of  bismuth. 

'I'l.  When  fractured,  four  marked  cleavages  are  found.  The 
most  perfect  is  basal.  The  three  others  intersect  each  other  in 
tlie  basal  plane  at  an  angle  of  approximately  60  degrees,  and  make 
with  that  Ijasal  ])lane  an  angle  of  over  140  degrees. 

23.  When  a  small  cleavage  fragment  is  examined  perpendicu- 
larly to  the  basal  plane,  the  effect  of  the  three  other  cleavages  is 
to  produce  numerous  triangular  pits  at  their  intersections.  Where 
only  two  of  the  cleavages  show,  a  beautiful  rhomboid  effect  is 
]>roduced. 

24.  In  many  cases,  very  fine  slip  bands  or  parallel  twinning 
was  noticed  and  in  a  basal  fragment  this  was  parallel  to  the  three 
cleavages. 

25.  When  small  ingots  were  cast,  the  surface  was  usually  found 
to  be  verv'  rough,  due  to  the  formation  of  oxide.  On  examining 
the  base,  however,  numerous  very  small  characteristic  dendrites 
were  found.  On  etching,  the;  granular  structure  was  very  fine, 
but  each  grain  was  composed  of  only  a  very  few  secondaries.  In 
other  words,  the  j>rlinary  crystallization  is  small  whilst  the  sec- 
ondary i.s  com[>arativ(ly  large.     It  was  noticed  that  the  nearer  the 
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center  of  the  ingot,  where  the  metal  was  poured  in,  the  smaller 
was  the  crystallization.  Again,  nncler  vertical  illumination,  by 
far  the  greater  part  of  the  field  is  bright  and  all  the  bright  ]U'inia- 
ries  run  into  each  other.  This  is  apparently  connected  with  the 
fact  that  a  fracture  shows  a  marked  columnar  structure  perpen- 
dicular to  the  cooling  surface. 

26.  As  the  metal  is  so  brittle,  straining  produces  fracture  al- 
most immediately  the  ingot  is  bent.  On  examining  the  metal  in 
the  region  of  a  fracture  only  a  few  traces  of  slip-bands  could  be 
seen  on  the  surface.  They  were,  in  most  cases,  parallel  to  the 
line  of  fracture.  In  the  case  of  a  large  commercial  ingot,  a  fine 
development  of  parallel  slip-bands  was  found  amongst  the  den- 
drites on  the  surface  in  the  region  of  fracture.  Three  systems 
were  seen.  One  was  parallel  to  the  direction  of  one  of  the  axes 
of  the  dendrite,  the  two  others  making  angles  of  approximately 
60  degrees  and  120  degrees  with  it.  These  slip-bands,  as  before, 
were  found  to  be  parallel  to  the  cleavages  of  the  antimony. 

27.  When  antimony  is  broken  by  a  sharp  blow,  the  fractured 
surface  shows  a  distinctly  radial  structure,  the  lines  radiating  from 
the  point  of  impact.  Under  the  microscope  this  structure  is  seen 
to  follow  the  true  cleavage  in  minute  steps,  which  are  so  small  that, 
to  the  eye  alone,  the  cleavages  seem  to  have  been  suppressed. 

Bismuth. 

28.  The  markedly  crystalline  structure  of  bismuth  is  well 
shown  when  a  crucible  of  the  metal,  with  a  trace  of  tin  or  lead, 
is  allowed  to  solidify  on  the  surface  and  the  remaining  liquid 
run  off  through  a  hole  in  the  side.  The  under  surface  of  the 
crust  is  seen  to  be  composed  of  many  hopper-shaped  skeleton 
cubes.  These  have  a  definite  orientation  and  are  the  secondary 
crystals. 

20.  Fig.  209,  X  30  diameters.  If  a  small  ingot  be  carefully  cast 
so  as  to  give  a  clean  surface,  numerous  characteristic  dendrites 
are  seen.  This  Fig.  shows  such  dendrities.  Two  generations  are 
seen :  the  large  more-or-less  parallel  bands  forming  the  large 
granular  structure  of  the  ingot,  and  the  finer  dendritic  structure 
which  in  places  builds  up  elongated  secondary  grains.  When  a 
slowly  cooled  button  of  the  metal  is  deeply  etched  the  difference 
in  orientation  of  the  large  grains  is  brought  out.  Each  grain 
or  crystal  is  seen  to  be  built  up  of  secondaries  possessing  a  dis- 
tinctly cube-like  form.  They  are  much  coarser  than  those  found 
in  tin,  etc.  , 
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30.  Fio-.  210,  X  ^0  diameters,  shows  the  surface  of  an  inc^ot 
whic'li  has  been  strained.  If  an  ingot  of  bismuth  be  strained  bj 
bonding,  numerous  groups  of  jiaralhd  slip-bands  or  multiple  twin- 
ninu's  are  set  up.  The  specimen  has  been  lightly  etched  with  hy- 
drochloric acid,  which  helps  to  show  up  the  difference  in  orienta- 
tion between  the  parts.     When  straining  is  severe,  fracture  occurs. 

:n.  Fig.  :211,  X  30  diameters,  shows  an  ingot  of  bismuth  which 
has  been  bent  until  it  broke,  and  it  is  to  be  noticed  that  fracture 
occurred  along  straight  lines  in  four  directions,  but  none  of  these 
coincides  with  the  two  directions  in  which  the  banding  due  to  the 
strain  occurs. 

Cadmium. 

''VI.  The  (U'udrites  found  on  the  surfaces  of  small  ingots  of 
cadmium  occur  in  the  form  of  six-rayed  stars,  of  decidedly  hex- 
agonal symmetry. 

.*>.*5.  Fig.  21:i,  X  '^0  diameters,  shows  such  dendrites  from  the 
surface  of  an  ingot  cast  in  an  iron  mould.  That  these  dendrites 
fnrin  the  skeletons  of  the  coarse  granular  structure  is  seen  on 
etching. 

.'>-!-.  Fig.  21.'>,  X  '^0  diameters,  oblique  illumination,  shows  the 
granular  structure  of  cast  cadmium,  brought  out  by  etching  with 
dilute  nitric  acid.  In  one  of  the  larger  grains  the  remains  of  a 
dendrite  are  seen,  forming  the  core  of  the  grain  enclosing  it.  On 
otcliing  the  base  of  the  same  ingot,  the  structure  appeared  almost 
i<h*ntical  with  Ing.  200,  the  difference  in  size  of  the  grains  being 
entirely  due  to  the  difference  in  the  rate  of  solidification.  When 
strained,  the  metal  shows  slip-bands  as  in  the  case  of  bismuth, 
but  of  a  rather  finer  kind. 

.*55.  Fig.  214,  X  30  diameters,  shows  the  surface  of  an  ingot 
which  has  been  strained  and  then  etched  with  nitric  acid.  In  the 
cc'ntral  grain,  tliree  systems  of  parallel  sli])-bands  are  seen,  inter- 
secting each  other  at  an  angle  of  about  00  degrees. 

3<j.  lig.  21."),  X30  diameters,  shows  simihir  sliji-bands  set  up  in 
the  grain.s  by  strain.     The  specimen  w^as  etched  with  nitric  acid. 

37.  W  hen  cadmium  is  hammered  or  rolled,  the  coarse  crystal- 
lization due  U)  the  original  cooling  is  broken  up  and  a  finer  gran- 
uJar  structure  is  produced.  The  greater  the  mechanical  work  upon 
the  metal  the  finer  is  the  structure  produced,  down  to  certain 
limits,  when  the  grains  begin  to  spread  out.  A  l)ar  of  cadmium, 
A -inch  in  diau;-*.  r,  wms  rolled  out  into  lengths  of  varying  thick- 
ness. Pairs  of  e;jch  thickness  were  cut  off,  having  a  length  of  2f 
inches,  and  a  breadth  f^i  0.45  inch.     One  strip  of  each  pair  was 
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Fig.  209.— Bismuth.  Ca>t  x  :io  diatns. 
•'    211. -Bi.  Insot.  fractured  x  30d. 
"    212.— Cadmium  cast  X  30  d. 
"    214.— Cd.  cast  &  strained  x  30  d. 


Fig.  210.— Bi.  cast  &  strained  x  -io  u. 
"  213.— Cadmium  cast  "  x  30(1. 
"    215.— Cd.  cast  &  strained       x^Od. 
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annoaltHl  in  an  air-bath  for  seven  days  at  a  temperature  of  ISO 
degrees  Cent.  [ooQ  degrees  Fahr.)  and  under.  There  were  five 
])airs.  and  thev  were  etehed  with  dihite  nitric  acid,  then  dipped 
in  hydrochloric,  washed  and  photographed  whilst  still  wet. 

oS.  In  Fig.  '21i\,  are  seen  the  five  pairs.  The  thinnest  pair  are  on 
the  left,  the  thickest  on  the  right,  whilst  in  each  pair  the  unan- 
nealed  strip  is  on  the  left,  the  annealed  on  the  right.  Starting 
fr«»ni  the  left,  the  thinnest  l^air,  Xo.  1,  have  a  thickness  of  0.018 
inch:  Xo.  2  of  0.024  inch;  Xo.  3  of  0.036  inch;  X^o.  4  of  0.049 
inch:  whilst  Xo.  5,  the  thickest  pair,  are  0.075  inch  in  thickness. 
The  effects  of  annealing  can  be  seen  without  the  aid  of  a  lens. 
On  examination  under  the  microscope  the  changes  are  most 
marked. 

.'V.».  Fig.  217,  X  30  diameters,  is  Xo.  1  as  it  came  from  the  rolls, 
and  may  be  taken  as  a  type  of  all  the  rolled  strips.  The  original 
crystalline  structure  of  the  bar  has  entirely  disap]^eared,  and  in 
its  ])lace  we  have  the  fine-grained  structure  produced  by  the  break- 
ing down  of  the  original.  The  effect  of  annealing  was  to  reduce 
the  flexibility  of  the  strips  due  to  the  growth  of  very  large  po- 
lygonal grains  or  crystals. 

40.  Fig.  2 IS,  X  30  diameters,  shows  Xo.  5,  thickest  strip,  after 
annealing.     The  contract  between  Figs.  217  and  218  is  marked. 

Fig.   211>,  X  30  diameters,  shows  Xo.  4. 

Fin.  220  shows  Xo.  3. 

li^-.  221  shows  Xo.  1,  after  annealing.  Although  the  crystals  in 
Fig.  211>  are  smaller  than  those  in  Fig.  220,  which  is  taken  from  a 
thinner  section,  it  was  noticed  that  the  average  size  of  crystal  was 
greater  the  thicker  the  strip. 

41.  A-  in  the  case  of  tin,  zinc,  etc.,  bending  the  annealed  strips 
beyond  the  elastic  limit  sets  up  slip-bands  w^hich  in  many  cases 
resemble  the  multiple  twinning  of  plagioclase. 

Fig.  222,  V  30  diaiiK'ters,  shr)ws  such  systems  of  slip-bands  or 
twinning  prodnccd  in  Xo.  4  by  jjcnding,  whilst  iMg.  223  shows 
those  in  Xo.  3.  In  both  cases  the  largest  crystals  were  photo- 
graplied  because  they  show  the  effects  better.  Three  systems 
of  parallel  .slip-l)ands  can  l>e  seen  in  a  single  crystaL 

Coppe7\ 

42.  J  he  structnre  of  copper  and  the  inflnenfc  of  small  quanti- 
ties of  impurities  have  been  studied  bv  Arnold  and  Jefferson."^' 
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4ro.  Fia'.  224,  X  30  diameters,  obliquely  illuminated,  shows  the 
surface  of  a  slowly  cooled  button  of  copper  (99.8  per  cent.). 
Part  of  two  large  grains  or  crystals  are  seen,  built  up  of  smaller 
or  secondary  grains  with  a  definite  orientation.  This  is  in  marked 
contrast  with  Fig.  225,  X  50  diameters,  which  shows  a  surface  of 
electrolytic  copper  just  as  it  came  from  the  depositing  vat.  The 
surface  is  composed  of  many  polygonal  grains  or  crystals  which 
are  i)riniary,  and  therefore  have  no  regular  orientation  with  re- 
spect to  one  another.  Sections  of  electro-copper  have  already  been 
shown  (Proceedings  Institution  of  Mechanical  Engineers,  1901, 
Plate  206,  Figs.  141,  142). 

44.  Fig.  230,  X  1 J  diameters,  is  the  top  of  a  button  of  copper 
which  has  been  used  for  calibrating  a  thermo-couple.  The  surface 
shows  numerous  dendrites  composed  of  two  axes  at  right  angles. 
Etching  shows  that  these  dendrites  form  the  skeletons  of  the 
grains  as  before. 

45.  Fig.  226,  X  30  diameters,  shows  a  cross  section  of  commer- 
cial copper  (unrefined)  cast  in  the  form  of  a  circular  bar.  Tlie 
view  Avas  taken  from  near  the  centre.  Large  grains  are  seen,  each 
built  up  of  smaller  secondaries,  definitely  arranged.  The  centres 
of  each  secondary  have  etched  lighter  in  color  than  the  outside, 
because  the  first  part  to  solidify  was  purer;  and  as  equilibrium 
Avas  not  established  mixed  crystals  have  been  fonned,  as  explained 
by  Eooseboom  (the  theory  of  solid  solutions). 

46.  When  copper  is  rolled  or  hammered,  the  crystals  are  often 
found  to  be  twinned.  Ewing  and  Rosenhain  have  shown  that 
these  twins  are  the  result  of  strain,  and  persist  after  annealing 
at  a  red  heat.  Similar  twins  are  found  in  gold,  brass,  steel,  etc. 
With  great  strain  the  secondary  grains  elongate  in  the  direction 
of  rolling. 

47:  Fig.  227,  X  30  diameters,  shows  a  vertical  section  of  rolled 
copper.  The  secondary  grains  are  elongated  in  the  direction  of 
rolling.  With  further  rolling,  these  grains  become  very  long  and 
attenuated  and  may  finally  break  down.  Annealing  tends  to  re- 
lease the  strain,  makes  the  metal  more  pliable,  and  allows  the 
grains  to  rearrange  themselves. 

48.  Fig.  228,  X  50  diameters,  shows  some  copper  foil,  etclied 
with  nitric  acid,  just  as  it  came  from  the  rolls.  The  structure  is 
composed  of  a  mass  of  grains  similar  to  those  of  Fig.  227,  slightly 
elongated  in  one  direction.  All  trace  of  the  primary  (original) 
crystallization  has   entirely   disappeared.      The   foil   possessed    a 
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Firi.  ••'!«, -Rolled  and  annealed.  Fk;.  217.— Rolled. 

'*    21>^.         ••        "  >•  '•    210.—      '•     and  annealed. 

•    «».- "     221.-      "        •• 

**    *-S.—Anm-aled  and  strained.  "    22;i.  —  Ann(.-ale(l  and  strained. 
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Fig.  2-M.— Copper,  slowly  cooled  x  30  dianis. 

••    2*2H. — Cu.  impure,  c.ist  x  30      " 

"    228.— Cu.  foil  unannealed       x  50      "• 

*'    230.— Cu.  slowly  cooled  x  U     " 

40 


Fig.  22.^.-Cu.  Elecrrolytic  x  .50diams. 

'•    227.— Trolled  Copper  x  30     "• 

"    22'.).— Cu.  foil  annealed        x  .50    " 
"    231.— Gold,  slowly  cooled  X  3U    '* 
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largo  amount  of  spring,  but,  on  heating  to  a  dull  red  and  cooling 
slowly,  this  disappeared. 

41).  Fig.  220,X">0  diameters,  shows  this  same  foil  after  heating 
to  a  dull  red.  All  trace  of  the  fine-grained  structure  has  gone, 
and  in  its  place  is  a  coarser,  mottled  structure  with  broad  boun- 
daries to  the  grains. 

Gold, 

50.  The  structure  of  gold  has  been  studied  by  Arnold  and  by 
Andrews.*  The  latter  foimd  that  pure  gold  crystallized  in  the 
cubic  system:  that  the  primary  crystals  as  seen  in  section  are 
chiefly  hexagonal,  and  are  built  up  of  secondaries  which  also  gen- 
erally belong  to  the  cubic  system.  Roberts-Austen  and  Osmond, 
in  a  paper  on  the  structure  of  metals,  its  origin  and  causes,  de- 
scribed the  structure  of  gold  and  the  effects  of  various  impurities. 

51.  Fig.  231,  X  30  diameters,  shows  some  of  the  dendrites  met 
with  in  a  slowly-cooled  gold  button,  and  in  Fig.  233  is  the  same 
un(k*r  a  nuigniitication  of  about  10  diameters,  where  the  relations 
between  the  primaries  can  be  seen. 

52.  Rolling  breaks  down  the  primary  crystals,  producing  a 
much  finer  structure,  which  on  annealing  grows  to  a  considerable 
size,  as  has  been  shown  by  Roberts-Austen.  The  eft'ects  of  slight 
strain  in  producing  slip-bands  and  twinning  have  been  studied  by 
Fwing  and  Rosenhain,  and  it  would  seem  that  gold  closely  re- 
sembles copper. 

Lead. 

53.  In  Fig.  232,  is  shown  a  specimen  of  very  pure  lead  prepared 
in  the  laboratory  of  the  late  Professor  Percy,  by  pouring  away 
tlic  li(iuid  from  a  partly  solidified  crucible  of  metal.  The  den- 
dritic structure  (reduced  J)  is  clearly  shown. 

51.  In  Fig.  234  are  shown  three  lightly  etched  ingots  of  lead. 
The  one  on  the  right  has  been  cast  in  an  iron  mould,  5  inches  by 
O.G  X  0.3  inch ;  that  on  the  left  in  a  stone  mould,  5  inches  by 
0.0  X  0.2  inch ;  whilst  the  centre  ingot  was  cast  in  a  stone  mould, 
but  before  solidification  w^as  complete,  the  remaining  liquid  lead 
was  poured  off,  and  in  this  way  the  internal  structure  has  been  laid 
!»are.  When  the  surface  of  cast  lead  is  examined,  dendrites  are 
.«een. 

55.  Fig.  235,  X  20  diameters,  oblique  illumination,  shows  such 

♦  "  Engineering,"  30  September,  28  October,  9  December,  1898. 


THE   EFFECTS   OF   STRAIN"   AND   OF  ANNEALING.  613 

dendrites.  The  specimen  has  been  etched  with  dilute  nitric  acid, 
and  the  dendrites  are  seen  to  be  the  skeletons  of  the  grains  or 
primary  crystals.  When  lead  is  cast  on  a  flat  stone  surface  better 
examples  are  seen,  as  in  Fig.  237,  X  3-4  diameters. 

56.  In  Fig.  238,  X  30  diameters,  the  secondary  grains  are  seen. 
This  surface  was  the  last  point  to  solidify  in  an  ingot  cast  in  stone. 
Etching  brings  out  the  primary  crystallization  very  distinctly. 

57.  Fig.  239,  X  30  diameters,  shows  the  surface  of  an  ingot 
etched  with  nitric  acid.  In  addition  to  the  primary  grains,  another 
structure  is  shown  up  by  etching.  Within  the  central  grain,  small 
markings  are  seen;  under  a  high  power  these  are  seen  to  be  tetra- 
hedra  eaten  out  by  the  acid.  These  tetrahedra  are  all  similarly 
orientated  in  the  same  grain. 

58.  In  Fig.  240,  X  30  diameters,  is  seen  the  effect  of  etching 
the  base  of  an  ingot  deeply  with  acetic  acid.  The  primary  grains 
or  crystals  are  well  sho^^^l,  each  grain  presenting  a  r^ugh  surface 
made  up  of  tetrahedra  with  distinct  orientation  in  each  grain, 

59.  Fig.  241,  X  30  diameters,  shows  the  surface  of  an  ingot 
cast  in  stone,  and  etched  for  twenty-four  hours  ^\dth  acetic  acid, 
tlius  showing  up  the  difference  in  orientation  of  the  secondary 
grains. 

60.  Fig.  242,  X  30  diameters,  shows  the  base  of  an  ingot  cast 
in  stone,  and  A^ery  deeply  etched  with  acetic  acid.  Orientation 
here  is  evidently  about  a  tric^onal  axis. 

61.  The  effect  of  strain  is  to  produce  innumerable  fine  slip-lines. 

62.  Fig.  243,  X  35  diameters,  shows  such  lines  set  up  by  bend- 
ing, in  lead,  cast  on  a  flat  stone  surface.  The  boundaries  between 
the  primary  crystallization  have  become  more  pronounced.  So 
far  the  author  has  observed  no  broad  slip-bands  or  twins  such  as 
are  seen  in  bismuth,  cadmium,  etc.,  but  true  twins  do  occur  on 
annealing  sheet  lead.  It  was  noticed  that  these  strain-lines  or 
lines  of  slip  occur  crossing  the  two  main  axes  of  the  dendrites  at  a 
large  angle.  Three  systems  of  parallel  slip-lines  have  been  ob- 
served in  a  single  grain,  and  these  are  parallel  to  the  three  sides 
of  the  tetrahedra  eaten  out  by  etching.  A  fourth  possible  one 
would  be  in  the  plane  of  the  photograph  and  parallel  to  the  fourth 
face  of  the  tetrahedra.  Hence  it  would  seem  that  these  slip-lines 
would  coincide  with  a  possible  cleavage  parallel  to  the  fundamental 
octahedron  (111),  if  we  consider  that  the  two  arms  of  the  dendrites 
coincide  A^dth  two  of  the  axes  of  the  cube. 

63.  In  Fig.  244,  X  30  diameters,  a  cast  surface^  etched  with 
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Fk;.  2.'W.     Ciold  Hlowly  cooled  /  lOdiains. 
"    23.').-  Lejul,  CHHt.  .siirr;i((!  x  20      " 
*'    2;i6.— Lead,  rolled  and  annealed. 
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Lead. 
Fig.  237.— Cast  x  35  diams.  Fig.  238.-  Cast  x  30  diam«. 

^.    239—    "    etched  X  30  diams.  '•    240.—    "    Erched  x  .30  diams. 

^'    241.—     "        '^  ^'  "  "    242—     '^  '•  '•       '• 

"    243  —    "    and  strained  x  35  diam?.  •'    244.— Etched  and  strained  x  30  diams. 
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nitric  acid  and  stained,  is  seen  the  relation  of  the  slip-lines  to  the 
tetrahedra  or  secondary  crystallization.  Hammering  and  rolling 
break  up  the  primary  crystallization,  and  a  very  fine-grained 
structure  results. 

04.  Fig.  24C  shows  two  strijis  produced  by  rolling  out  small 
ingots  simihir  to  those  seen  in  Fig.  234.  They  measure  4  inches 
by  0.6  X  0.12  inch.  Under  the  microscope  the  structure  is  similar 
to  that  seen  in  Fig.  217.  Annealing  causes  a  rearrangement  and 
the  growth  of  crystals  or  grains  follows. 

(].").  Fig.  24S  sliows  the  same  pair  of  strips  annealed  for  seven 
days  at  a  temperature  of  about  ISO  degrees  Cent.  (356  degrees 
Fahr.). 

(ji).  In  Fig.  245  is  shown  a  piece  of  sheet  lead,  3  inches  by  2.5  X 
0.05  inch  thick.  It  is  several  years  old,  and  there  is  no  doubt  that 
the  difference  in  size  of  the  crystallization  between  the  freshly 
rolled  metal  in  Fig.  246  and  the  old  in  Fig.  245  is  due  to  growth  in 
the  strained  metal  at  normal  temperatures,  for  on  rolling  out  a 
piece  of  the  old  sheet  lead  a  structure  as  fine  as  in  Fig.  246  was 
produced. 

67.  Fig.  247  shows  the  same  sheet  annealed  for  seven  days  at 
about  180  degrees  Cent.  (356  degrees  Fahr.),  and  the  growth  of 
crystals  is  very  marked. 

68.  Fig.  236  shows  a  piece  of  sheet  lead  2.5  inches  by  2  X  0.07 
inch  anneak'd  for  eight  days  discontinuously.  It  was  annealed 
during  tlie  day,  but  cooled  down  to  the  ordinary  temperature  of 
the  laborator}^  during  the  night.  It  would  seem  that  discontinuous 
annealing  caused  a  larger  crystallization.  The  temperature  of 
annealing  was  about  180  degrees  C.  (356  degrees  Fahr.)  as  before. 
Besides  several  crystals  of  enormous  size  compared  with  the 
freshly  rolled  structure,  it  is  noticed  that  very  many  of  the  crys- 
tals are  twinned.  Tliese  twins,  as  in  the  case  of  those  met  with  in 
unhealed  sheet  gold,  brass,  etc.,  are  therefore  the  product  of  an- 
nealing. The  annealing  of  lead  has  recently  formed  the  subject 
of  research  by  Ewing  and  Rosenhain,*  who  have  even  made  crys- 
tals cross  a  weld  by  annealing  at  200  degrees  C. 

Platinum. 
6!).   Fig.   210,  X  30  (liameters,   shows  the  dcndi'ites  found  on 
the  surface  of  ji  platinum  button.     They  consist  of  two  axes  at 
right  angles,  and  form  the  skeletons  of  tin;  grains  or  crystals  slS 


*  Philosophical   Transactions,  Koyal  Society. 
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in.  the  case  of  the  other  metals  examined.  Platinum,  has  the  same 
granular  structure  as  gold,  etc.,  secondary  grains  being  revealed 
in  the  large  crystals  by  deep  etching,  whilst  strain  produces  slip- 
lines  related  to  these  etching  pits.  Andrews  has  recently  worked 
out  the  structure  of  platinum.* 

Silver. 

70.  Fig.  250,  X!  30  diameters,  shows  the  surface  structure  of  an 
ingot  of  silver.  Three  or  more  primary  crystals  or  grains  are  seen 
to  be  built  up  of  numerous  secondaries,  possessing  distinct  orienta- 
tion. 

71.  Fig.  251,  X  15  diameters,  shows  the  surface  of  a  button 
allowed  to  cool  slowly  in  the  crucible  under  a  cover  of  borax.  The 
crystallization  is  extremely  coarse,  the  illustration  showing  only 
part  of  four  parallel  branches  of  a  single  dendrite.  The  difference 
between  Figs.  250  and  251  is  due  to  the  difference  in  rate  of 
cooling. 

72.  Fig.  252,  X  30  diameters,  represents  the  surface  of  a  small 
ingot  cast  under  a  thick  coyer  of  salt.  There  is  a  very  curious 
dendrite  structure,  which  in  places  passes  into  coarse  grains  as  in 
Fig.  253,  X  30  diameters. 

73.  In  Fig.  255,  X  30  diameters,  is  seen  the  intermediate  stage 
between  Figs.  252  and  253. 

74.  Fig.  251,  X  8  diameters,  shows  the  structure  of  electrolyti- 
cally  deposited  silver.  Distinct  crystalline  forms  are  seen,  and 
Fig.  256,  X  8  diameters,  shows  some  of  the  simpler  variety.  It 
was  attempted  to  cut  sections  of  the  more  massive  growth  to  obtain 
their  internal  structure,  as  in  the  case  of  copper,  but  without  suc- 
cess. Fleetrolytic  iron  and  nickel,  on  the  other  hand,  form  a 
deposit  consisting  of  numerous  coatings  like  an  onion,  and  a 
section  shows  that  structure.  If  a  cupellation  button  of  silver  be 
examined  very  good  examples  of  dendritic  structure  are  often 
seen.     Figs.  257  to  262  are  all  taken  from  a  single  button. 

75.  In  Fig.  257,  X  30  diameters,  is  seen  the  centre  of  crystal- 
lization of  a  dendrite.  Two  axes  are  seen  at  right  angles,  and  from 
each  axis  there  is  a  perpendicular  growth,  grooving  coarser  as  we 
leave  the  centre  of  crystallization.     There  is  a  cubic  symmetry. 

76.  Fig.  259,  X  30  diameters,  shows  one  of  the  arms  or  axes 
near  its  centre,  whilst  Fig.  261  shows  the  end  of  the  same.    As  the 

*  Pliilosopbical  Transactions,  Royal  Society. 
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Tu..  44.V- Sheet  Icati. 
•■    247.-     ••        '•    (Fig.  21.'iaui.-ult;d). 


Fi(i.  24(i.— Rolled  lend. 
"    248.—      •'        "    (Fig.  246  annealed). 
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Fig.  "249.— Platinnm  slowly  cooled  x  30  diatns. 
■*    251. — Ay^.  s^lowly  coofed  x  1.5  diam?. 
•'    2.53.—  '•   cast  under  cover  of  salt  x30'diams. 
'•    255.—  "       '•        "  •'        "         "  '       " 


Fig.  250. —Silver  ingot,  surface  x  30  diams. 
•'    252.  — Ag.  cast  nnd»r  salt      x  30    " 
"    2.54.— Ag.  elecirolytic  x  H      " 

"    256.—  "  ••  X  8      '' 
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secondary  grains  approach  the  end  of  the  axis  they  themselves 
possess  a  structure  in  which  there  are  two  main  axes,  together 
with  a  radial  as  well  as  a  concentric  structure. 

77.  Fig.  27)8,  X''0  diameters,  shows  the  junction  of  two  primary 
grains  or  crystals,  in  which  the  radial  and  concentric  structure  of 
the  secondary  grains  is  very  marked.  A  marking  similar  to  the 
concentric  one  is  seen  at  the  end  of  an  axis,  as  in  Fig.  201,  X  30 
diameters. 

78.  Figs.  200  and  202,  X  l*")  and  30  diameters  respectively, 
oblique  illumination,  show  the  normal  structure  of  the  surface. 
A  few  of  the  grains  or  crystals,  as  in  Fig.  202,  show  a  radial  as 
well  as  a  concentric  structure.  At  first  it  was  thought  that  these 
marked  polygonal  boundaries  were  those  of  the  primary  crystals, 
but  on  closer  examination  they  are  seen  to  cut  across  the  grains 
in  several  places.  These  pseudo-boundaries,  it  is  true,  do  coincide 
with  the  real  boundaries,  as  a  rule,  but  in  many  cases  they  are 
seen  to  be  distinct.  As  Ewing  and  Rosenhain  have  shown,  the 
difference  between  the  two  is  clearly  shown  by  slip-lines  when  the 
metal  is  straiiKMl.  The  pseudo-boundaries  are  the  result  of  con- 
traction in  cooling,  like  the  columnar  structure  of  basalt. 

70.  A  silver  cupellation  button,  from  which  the  copper  had 
not  l)een  entirely  removed,  was  examined.  Although  the  axial 
arrangement  of  the  secondary  grains  in  the  primary  was  not  so 
sharp,  when  present,  as  in  the  case  of  pure  silver,  the  concentric 
and  radial  structure  of  the  smaller  primaries  was  more  marked. 

80.  Fig.  20'>,  X  !'">  diameters,  shows  the  axial  arrangement  of 
a  dendrite.  The  extremity  of  an  axis  is  seen  in  Fig.  204,  X  l'^> 
diameters,  oblicjue  illumination,  together  with  some  of  the  smaller 
primaries.  It  is  very  hard  to  distinguish  between  the  largest 
secondary  grains  of  a  dendrite  and  the  smallest  primaries,  and  it 
is  probaljle  that,  as  they  are  of  the  same  generation,  the  one  set 
passes  into  the  other. 

81.  Figs.  205  and  200,  X30  diameters, show  the  radial  markings 
and  the  lioundaries  of  the  large  grains.  The  distinct  boundaries 
may  be  due  to  a  trace  of  eutectic  present.  When  an  ingot  or 
button  of  silver  is  strained — as,  for  instance,  by  hammering — 
marked  j)aral]el  twinning  is  seen.  The  broadest  twnns  usually  lie 
per[)endicular  to  the  line  of  strain.  In  addition  to  these  broad 
bands  are  numerous  series  of  finer  parallel  twinning,  running  at 
all  angles.     In  some  cases  the  straining  appears  to  have  produced 
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Tin. 

82.  When  an  ingot  of  tin  is  cast,  it  possesses  a  plain  bright 
surface  if  pure.  If  impure,  the  surface  is  covered  more  or  less 
by  dendritic  cr)'stals  due  to  the  formation  of  mixed  crystals,  whose 
outer  portions  solidify  at  a  slightly  lower  temperature  than  their 
centres.  In  the  case  where  a  eutectic  is  formed,  this  shrinks  on 
cooling,  leaving  the  dendrites  standing  above  the  surface.  If 
the  surfaces  of  ingots  be  etched,  they  are  seen  to  be  coarsely 
granular,  the  size  of  the  grains,  and  to  some  extent  their  shape, 
varying  with  the  mould  used  and  with  the  purity  of  the  metal. 
The  temperature  of  the  mould  and  of  casting  also  alters  the  size 
of  the  grains,  the  higher  the  temperature,  the  larger  the  grains. 

83.  Fig.  267  shows  four  ingots  of  tin  which  have  been  etched 
with  dilute  nitric  acid  and  then  cleaned  with  dilute  hydrochloric, 
which  removes  the  oxide  of  tin  very  quickly. 

a  is  pure  tin  cast  in  a  cold  iron  mould.  Its  dimensions  are 
5  inches  by  0.6  X  0.4  inch  thick. 

h  is  pure  tin  cast  in  a  stone  mould.  Dimensions  are  5  inches 
bv  0.6  X  0.2  inch. 

c  is  pure  tin  cast  in  an  elliptical  iron  mould.  Its  largest  dimen- 
sions are  i.5  inches  by  0.7  X  0.4  inch.  ':  ^ 

d  is  impure  tin  cast  in  the  same  mould  as  a,  but  Is  only  0.3 
inch  thick. 

84.  The  structures  oi  a,  h,  and  c  are  all  similar,  but  that  of  d 
is  of  a  much  finer  character,  the  grains  being  much  more 
elongated,  and  point  towards  the  centre  of  the  ingot.  If,  in  cast- 
ing an  ingot,  the  mould  be  tilted  and  the  liquid  tin  poured  away 
just  before  solidification  is  complete,  a  difference  in  structure  is 
noticed  between  pure  and  impure  tin. 

85.  Fig.  280  shows  two  such  ingots — one  pure,  the  other  im- 
pure. That  on  the  left  is  very  impure,  and  the  whole  mass  is 
seen  to  be  composed  of  dendrites  and  skeleton  crystals.  That  on 
the  right  is  pure  grain  tin  and  no  dendrites  can  be  seen. 

86.  Fig.  268,  X  30  diameters,  shows  the  dendritic  structure  of 
tin,  which  has  been  cast  on  a  flat  stone  surface.  Part  of  the  ma;in 
axis  of  a  dendrite  is  seen. 

87.  In  Fig.  269,  X  30  diameters,  is  seen  the  base  of  a  very  thin 
sheet  cast  on  stone  and  a  further  development  of  the  structure 
appears.  This  shows  the  junction  of  two  grains  with  their  den- 
dritic framework. 
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Fig.  263.— Ag.   cupelled    containin<?    cu.    x    15 

diani!?. 
Fig.    265. — As-   cupelled  containing    cu.    x    80 

diam>:. 
Fig.  207. — Injiots  of  tin. 


Fig.   264. — Ag.  cupelled  containing   cu.    x    15 

diam?. 
Fh;.  266. — Ag.   cupelled  containing    cu.    x    30 

diams. 
Fi<;.  268. —Tin  cast  on  stone  x  30  diams. 

••    269.— X  30      •• 
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Fig.  irs.— Rolled  and  anuealed. 
••   2S0.— Cast. 


Tin. 


Fig.  270.— Rolled. 
'  •    281  .—Annealed  (Fig  79) . 
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Tin. 

Firj.  2H2.— HolM       0  5  mm  thick  /  rjOdianiM.  Fui.  HH^.     Holled  0.1  mm   thick   y  30di;ims. 

•    -^Xl  ^Aiiri«-aIedO.«  mm     "  /  15      '•  '    285.— Amiealed  O.l*    mm  thick  x  15  diams. 

■     ''^'  -„     "          ^'5      •'  "  y   15       "  "     2H7.—         "          0.25    "          '•        /   15        • 

••    2^H.— Hammered  y  p^,      "  ^.    2m.  -  Hammered  Jind  antiealed  x  :35      " 
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8S.  Fig-.  270,  X  30  diameters,  sliows  a  smaller  dendrite  from 
the  surface,  with  two  main  axes  at  right  angles,  set  in  a  ground- 
mass  which  is  made  up  of  small  secondary  grains.  These  second- 
ary grains  of  tin  are  well  shown  in  Fig.  271,  X  75  diameters. 
Vrhen  pure  tin  is  cast  in  a  mould,  especially  in  an  iron  one, 
Avherever  it  has  solidified  last  a  concentric  arrangement  due  to 
shrinkage  is  seen.  It  is  generally  extremely  slight,  but  may  be 
accentuated  by  giving  the  mould  a  slight  jar,  when  vibrations  are 
set  up.  This  structure  is  seen  at  the  lower  part  of  ingot  c  in  Fig. 
2G7.  It  also  occurs  in  slightly  impure  tin,  as  at  the  centre  of  the 
surface  of  ingot  d.  If  the  centre  of  this  point  of  last  solidification 
be  examined  under  the  microscope,  the  normal  structure  of  the 
secondary  grains  is  seen,  as  in  Fig.  271. 

SO.  Fig.  272,  X  30  diameters,  obliqne  illumination,  shows  leaf- 
like dendrites  often  found  on  the  surface  of  ingots.  In  this  case, 
as  in  all  dendrites  found  at  the  surface,  the  secondary  grains  are 
much  larger  than  those  of  the  surrounding  tin,  and  are  more  reg- 
ularly formed,  due  to  the  fact  that  they  had  more  freedom  of 
growth. 

90.  Fig.  273,  X  30  diameters  oblique  illumination,  shows  den- 
drites similar  to  those  in  Fig.  272,  after  very  deep  etching  with 
dilute  nitric  acid. 

1>1.  Fig.  274,  X  30  diameters,  shows  the  normal  surface  of  cast 
tin,  etched  for  twelve  hours  with  dilute  nitric  acid.  The  large 
primary  crystals  or  grains,  built  up  of  small  secondaries  with 
definite  orientation,  are  clearly  seen. 

02.  Fig.  275,  X  30  diameters,  shows  the  base  of  an  ingot  etched 
for  twelve  hours.  The  primary  and  the  secondary  grains  are  much 
smaller,  due  to  their  having  solidified  against  the  comparatively 
cold  surface  of  the  iron  mould. 

03.  In  Figs.  27G  and  277,  X  30  diameters,  oblique  illumination, 
are  seen  the  large  grains  of  an  ingot  of  pure  tin,  which  has  been 
etched  for  24  hours  with  very  dilute  hydrochloric  acid  to  ensure 
very  slow  action.  The  secondary  grains  show  plane  faces,  and 
closely  resemble  cleavage  as  seen  in  minerals.  In  some  cases  pits 
were  eaten  out,  having  plane  faces  with  the  fonn  of  an  octahedron. 
Ewing  and  Eosenhain  have  obtained  a  characteristic  structure  by 
casting  against  glass. 

01.   When  tin,  either  cast  or  sloAvly  cooled,  is  rolled,  the  original 
structure  is  destroyed,  and  a  new  very  fine  crystallization  is  set  up.' 
95.  Fio'.    279    shows   a   bar    of    tin   cast    in   stone    rolled   out. 
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It^  iliinonsions  arc  1  inclies  by  O.Y  inch,  thickness  0.126  inch.  Its 
structure  lias  been  entirely  destroyed,  and  this  fine  crystallization 
has  been  set  up  in  it^  place.  On  annealing,  rearrangement  takes 
place,  and  a  structure  consisting  of  coarse  grains  is  produced. 

1H>.  Fiu'.  2S1  is  part  of  the  same  rolled  bar,  after  annealing  for 
ten  days  at  a  temperature  under  200  degrees  C.  (392  degrees 
Fahr.).  Large  gTains  have  grown  out  of  the  fine  crystallization, 
their  orientation  is  marked,  and  their  boundaries  distinct. 

97.  In  order  to  find  out  whether  any  relation  existed  between 
the  thickness  of  the  rolled  bar  and  the  size  of  the  grains,  unan- 
nealed  and  annealed,  one  of  the  bars.  Fig.  279,  was  put  through  the 
rolls  till  it  became  reduced  in  thickness  to  0.035  inch.  Half  of  it 
was  cut  into  lengths  from  2.9  to  2.2  inches  long  and  0.5  inch  ^\ade. 
The  other  half  was  rolled  down  to  0.02  inch  and  cut  into  lengths 
of  about  3  inches  (0.5  to  0.6  wide).  One  of  these  was  rolled  down 
to  0.01  inch,  another  was  taken  to  foil  0.004  inch  thick.  Samples 
of  each  were  annealed  for  five  days  on  a  hot-plate  at  a  temperature 
of  180  degrees  C.  On  etching  it  was  found  that  the  size  of  grains 
in  all  the  annealed  specimens  varied  considerably,  small  and  large 
being  found  in  each.  But  it  was  seen  that  the  thicker  the  metal 
the  more  numerous  were  the  large  grains. 

98.  Fig.  278  shows  six  of  the  strips  referred  to  above.  The  first 
three  pieces  are  0.035  inch  thick,  the  first  of  which  is  the  unan- 
nealed  specimen.  The  last  three  are  0.02  inch  thick,  and  the 
centre  one  is  unannealed.     The  contrast  is  marked. 

9!>.  Figs.  298  and  299  show  two  pieces  0.01  inch  thick,  which 
have  been  annealed  with  the  others,  but,  after  annealing,  one 
tnd  of  each  was  quickly  raised  to  the  melting  point  by  means  of 
a  Bunsen  beneath  the  hot-plate.  As  soon  as  the  tin  started  to  melt, 
the  Bunsen  was  turned  out  and  the  whole  slowly  cooled.  The 
junction  of  the  annealed  and  remelted  parts  is  clearly  seen.  In 
the  fonner,  there  are  tlie  usual  grains  more  or  less  equi-dimen- 
sional,  whilst  in  the  latter  it  is  seen  that  a  few  crystals  occupy 
tlie  wliole  mass.  It  is  seen  tliat  the  large  long  crystals  of  the 
melted  f>art  have  grown  from  and  are  continuous  with  the  crystals 
in  the  unmelted  part.  This  shows  the  relative  freedom  to  grow 
in  the  li(|uid  and  in  tlie  solid  states. 

100.  I  ndf-r  tlif  microscopes  tlie  diffcsrence  between  the  rolled 
metal  of  various  thicknesses  is  distinct.  The  piece  0.035  inch 
tiiic-k  showed  a  structiin-  ;is  coarse  as  in  Fig.  287,  but  the  grains 
had  rough  irregtdar  boundaries. 
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101.  Fig.  282,  X30  diameters,  oblique  illumination,  shows  the 
structure  of  the  piece  0.02  inch  thick.  The  grains  have  become 
minute  and  are  less  distinct. 

102.  Fig.  283,  X  30  diameters,  oblique  illumination,  is  the  piece 
rolled  do^m  to  0.004  inch.  Its  structure  is  minute  but  granular, 
and  the  grains  are  seen  to  be  rather  more  distinct  than  those  of 
the  0.02  inch  strip.  In  the  case  of  the  annealed  specimens,  the 
difference  between  the  pieces  of  0.035  and  0.02  inch  in  thickness 
is  not  very  noticeable,  but  w^hen  0.01  inch  is  reached  the  grains 
are  seen  to  be  very  much  smaller. 

103.  Fig.  284,  X  ^-^  diameters,  oblique  illumination,  shows  the 
piece  0.035  inch  thick  after  annealing.  The  grains  or  crystals 
have  increased  many  times  in  size,  their  edges  have  become  more 
regular,  and  the  whole  system  of  crystallization  has  become  more 
distinct. 

104.  Fig.  285,  X 15  diameters,  ol)lique  illmiiination,  shows  some 
of  the  smaller  crystals  from  the  same  strip. 

105.  Fig.  286,  X  15  diameters,  oblique  illumination,  shows  the 
0.02  inch  strip  after  annealing,  the  size  of  grain  being  but  slightly, 
if  any,  less  than  that  of  the  thicker  strip. 

106.  In  Fig.  287,  X  15  diameters,  oblique,  is  seen  the  0.01  inch 
strip  after  annealing.  The  grains  or  crystals  are  very  much 
smaller.  On  comparing  Fig.  282  with  Fig.  286,  and  Fig.  283  with 
Fig.  287  the  enormous  change  due  to  annealing  is  clearly  seen, 
and  this  is  even  more  marked  because  the  annealed  strips  have 
been  photographed  with  only  half  the  magnification  of  the  rolled 
specimens. 

107.  Hammering  produces  similar  effects  to  rolling. 

Fig.  288,  X  30  diameters,  oblique  illumination,  shows  a  piece  of 
tin  hammered  out  to  0.08  inch  thick,  etched  with  dilute  nitric  acid 
and  washed  ^^ith  dilute  hvdrochloric.  The  original  structure  has 
disappeared,  and  a  finer  crystallization  has  taken  its  place.  An- 
nealing causes  a  growth  of  crystals  as  before. 

108.  Fig.  289,  X  35  diameters,  oblique,  shows  the  (>ffeet  of  an- 
nealing for  three  hours  at  a  temperature  below^  200  degrees  C. 
(392  degrees  F.),  whilst  in  Fig.  290,  X  35  diameters,  is  seen  a 
patch  of  the  largest  crystals  grown  in  that  time. 

109.  In  Fig.  291,  X  33  diameters,  is  shown  a  piece  of  the  same 
tin  hammered  to  0.05  inch  thick,  and  annealed  for  fifteen  hours, 
showing  a  great  increase  in  size  and  regularity"  of  crystals. 

110.  Fig.  292,  X  30  diameters,  shows  the  structure  of  ham- 
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mered  tin  after  annealing  below  200  degrees  C.  (392  degrees  F.) 
for  ten  days.  When  compared  with  Fig.  288,  the  difference  in 
structure  due  to  annealing  is  very  striking.  It  would  seem  that 
the  fine  crystals  tend  to  become  more  definite  in  boundary,  their 
several  neighboring  grains  become  oriented  in  the  same  way,  and 
finally  merge  into  one  another  to  form  a  large  grain  or  crystal. 
The  largest  grain  in  Fig.  292  shows  the  outline  of  the  smaller 
grains  which  build  it  up;  their  outline  is  the  result  of  etching- 
after  a  slight  annealing. 

111.  Fig.  293,  X  30  diameters,  shows  a  section  of  the  same. 
Curious  rectilinear  markings  are  seen.  These  are  not  scratches, 
and  are  distinct  from  the  slip-bands  and  lines  produced  by  strain- 
ing. They  are  differently  oriented  in  different  crystals.  They 
may  however  have  been  produced  by  strain  in  the  process  of 
cutting  the  section. 

112.  Fig.  294,  X  35  diameters,  oblique  illumination,  shows  a 
piece  of  hammered  tin  0.08  inch  thick  wdiich  has  been  slowly  an- 
nealed up  to  the  beginning  of  fusion.  It  was  supported  at  each 
end  and  heated  until  it  broke  bv  its  own  weiolit.  The  fracture  is 
seen  in  Fig.  295,  X  35  diameters.  The  coarse  granular  structure 
produced  by  the  heating  has  been  showTL  up  by  fusion  at  the 
boundaries. 

113.  Tschernoff,  who  is  followed  by  Sauveur,  says  that  the 
growth  or  coarsing  of  the  grain  of  steel  as  revealed  by  its  fracture 
cannot  occur  during  rise  of  temperature,  but  occurs  only  during 
fall  of  temperature.  This  may  be  true  for  the  constituent  f errite, 
but  the  growth  of  grain  of  the  martensite  takes  place  as  the  tem- 
perature rises  (above  Ac)  just  as  in  the  above  example  of  tin. 

111.  When  tin  is  strained  by  bending,  slip-bands  or  twins  are 
produced  as  well  as  slip-lines.  Figs.  296  and  297,  X  30  diameters, 
show  such  twinning  produced  in  cast  tin  (cast  on  a  flat  stone  sur- 
face). The  metal  has  been  etched  with  dilute  nitric  acid.  In  Fig. 
297  the  two  parallel  systems  are  very  pronounced. 

Zinc. 

115.  When  an  ingot  of  zinc  is  examined,  dendrites  similar  to 
those  of  lead  and  tin  are  often  found. 

Fig.  303,  slightly  reduced,  shows  the  surface  of  an  ingot  cast 
in  a  stone  mould.  The  granular  crystallization  is  shown  in  Fig. 
302  by  etching. 

Fig.    301,  X  30   diameters,   shows   part   of   a   dendrite   on   the 
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surface  of  metal  cast  on  stone.    There  are  three  main  axes,  giving 
tlie  dendrite  a  hexagonal  type  of  structure. 

Fio-.  305,  X  «^>0  diameters,  shows  the  base  of  the  sa}ne  metal 
with  its  coarse  granular  structure.  Etching  reveals  the  difference 
in  orientation  of  the  secondary  grains  as  in  the  case  of  lead,  tin, 
etc. 

Straining  produces  parallel  twinning  as  before. 
Fiir.   oOO,  X  30  diameters,  shows  this  structure  in  a  surface 
similar  to  Fig.  305. 

In  Fig.  307,  X  30  diameters,  several  twinnings  are  seen,  which 
vary  in  direction  as  they  pass  from  one  grain  to  another.  Etching 
makes  the  effect  more  pronounced  by  showing  up  the  orientation 
of  the  grains  as  in  Fig.  308,  X  30  diameters,  oblique  illumination. 
11(3.  In  Fig.  309,  X  30  diameters,  is  illustrated  a  view  of  the 
surface  of  the  same  metal.  The  primary  grains  are  coarser,  due 
to  the  relatively  slower  cooling,  and  the  twinning  is  more  pro- 
nounced. When  zinc  is  rolled  out  into  thin  strips,  the  metal  is 
very  pliable.  The  structure  of  the  original  cooling  has  been  en- 
tirely destroyed,  and  a  new  one  takes  its  place^  much  finer  than 
that  of  rolled  tin,  lead  or  cadmium. 

Fig.  301  shows  five  strips  rolled  out  to  2  to  4  by  0.4  by  0.04 
inch  thick.  The  structure  cannot  be  seen  without  the  aid  of  a  lens. 
117.  Fii;-.  300  shows  the  same  strips  annealed  for  seven  days  at 
200  degrees  C.  (392  degrees  F.)  on  a  hot  plate.  Large  coarse 
irregular  grains  or  crystals  have  been  formed,  far  larger  than  in 
the  case  of  tin,  lead,  etc.  Whereas  the  unannealed  strips  are 
flexible  and  very  tough,  the  annealed  specimens  are  very  brittle. 
Bending  or  straining  to  the  slightest  degree  causes  the  develop- 
ment of  cracks  wliicli  originate  as  slip-bands  more  or  less  parallel 
to  the  nonnal  of  the  line  of  strain.  This  brittleness  is  so  pro- 
nounced that  the  metal  cannot  be  rolled  until  it  is  heated  to  its 
critical  temperature.  Experiments  seem  to  show  that  discontin- 
uous annealing  causes  a  more  rapid  growth  than  a  contin- 
uous one.  In  otlier  words,  several  annealings  of  short  duration 
cause  the  crystals  to  grow  in  less  time  than  one  long  annealing. 

Summary. 

11?5.  In  the  above  examples  is  given  additional  evidence  of  what 
has  been  ])ointed  out  by  others,  tliat  when  a  metal  reaches  its 
freezing  j)oint  it  bo<rins  to  crystallize  out  from  a  number  of  points 
or  centres.     Dendrite-  lh-ow  from  these  centres  and  continue  to 
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Fig.  304.— Cast,  surface         x  30  diams. 
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"      307.— Cast,  strained      x  30      ** 
"     309.— Strained,  etclied  x  30     " 
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grow  until  tliev  meet  others,  when  their  growth  is  obstructed. 
The  more  rapidly  a  metal  cools  past  its  freezing  point,  the  more 
numerous  will  be  the  centres  of  crystallization,  and  therefore  the 
smaller  will  be  the  structure.  The  dendrites  continue  to  grow 
until  the  whole  mass  becomes  solid  in  the  form  of  irregularly 
bounded  crystals  or  grains  whose  orientation  varies  from  grain  to 
grain.  In  the  case  of  impure  metals  the  dendrites  which  first 
crystallize  out  are  usually  purer  than  the  mother-liquor,  which 
freezes  at  a  lower  temperature.  As  a  rule  equilibrium  is  not 
e'stablished,  and  so  the  dendrites  vary  in  composition  from  centre 
to  outside,  hence  their  structure  is  revealed  when  a  section  is 
etched.  Again,  as  a  rule,  the  metal  contracts  during  solidification, 
and  so  the  mother-liquor  sinks  beneath  the  surface,  leaving  the 
dendrites  standing  out  in  slight  relief.  These  primary  grains  or 
crystals  are  built  up  of  smaller  or  secondary  grains  which  are  re- 
vealed in  etching.  They  may  be  compared  with  the  crystals  of 
calcite  in  a  crystalline  limestone  Avhich  break  up  into  small  rhombs 
due  to  their  rhombohedral  cleavage,  or  with  the  crystals  in  massive 
galena  which  break  up  into  cubes  because  of  their  cubic  cleavage. 

110.  The  effect  of  strain  is  to  produce  a  parallel  slipping  along 
definite  directions,  usually  related  to  the  orientation  of  the  primary 
crystals  and  also  to  the  direction  of  strain.  In  some  cases  the 
effect  is  seen  in  the  formation  of  one  or  more  systems  of  parallel 
.clij^lines,  in  others  in  the  production  of  systems  of  parallel 
twinning.  As  Ewing  and  Rosenhain  have  pointed  out,  the  first 
slip-lines  are  perpendicular  to  the  direction  of  straining,  whereas 
further  straining  produces  other  systems.  When  the  strain  has 
l)een  severe,  as,  for  instance,  by  rolling  or  hammering,  the  large 
])riniarv  cr^-stals  are  broken  down  and  a  finer  crystallization  takes 
their  place ;  the  greater  the  mechanical  work  upon  the  metal,  the 
finer  the  resulting  crystallization. 

120.  Annealing  causes  the  fine  crystallization  to  rearrange 
itself,  and  produces  the  growth  of  crystals,  whose  size  apparently 
depends  to  some  extent  both  on  the  time  and  temperature  of  an- 
nealing and  the  thickness  of  the  metal.  In  the  case  of  lead  and  tin 
this  arrangement  was  noticed  to  take  place  at  ordinary  temper- 
atures, but  of  course  very  slowly  indeed. 

In  conclusion  the  author  would  like  to  express  his  indebtedness 
to  the  late  Sir  William  Itoberts-Austen,  under  whose  direction 
most  of  the  work  was  performed,  and  also  to  Professor  Williairi 
Gowland  for  his  kindly  encouragement  and  advice. 
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1.  In  the  tool-steel  trials  made  by  the  Manchester  Committee 
in  1902-03  (the  report  upon  which  was  published  by  the  Man- 
chester Association  of  Engineers  in  their  Transactions  for  1903), 
there  appeared  an  entire  lack  of  uniformity  in  the  shapes  and 
angles  of  the  tools  submitted  by  the  eight  competing  firms.  There 
was  also  no  obvious  connection  between  the  shapes  and  angles  of 
the  tools  and  the  cutting  forces  upon  these  tools  deduced  in  the 
report  from  the  electrical  power  measurements  made  by  the  Com- 
mittee, ^"either  did  the  shape  or  angle  supply  a  clew  to  the 
causes  of  success  and  failure  in  the  various  trials  ^\dth  different 
tools. 

2.  On  the  other  hand,  the  necessary  reconsideration  of  the 
desigTL  of  lathes  for  the  rapid  and  heavy  cutting  rendered  possible 
by  the  new  steels  introduced  by  Taylor  and  White,  and  now 
everywhere  adopted,  calls  for  a  thorough  and  systematic  investi- 
gation of  the  forces  acting  upon  a  cutting  tool.  If  a  standard  area 
of  cut  can  be  agieed  upon  for  the  various  sizes  of  lathe,  a  knowl- 
edge of  the  forces  to  be  overcome  when  taking  that  cut, — not  only 
for  turning  the  work  against  the  tool,  but  also  for  moving  the 
slide-rest  and  saddle  in  both  the  traversing  and  surfacing  directions 
will  enable  the  calculation  of  the  stresses  in,  and  the  proportioning 
of,  the  various  parts  of  the  machine  to  be  gone  about  in  a  rational 
and  scientific  way. 

3.  Xo  such  knowledge  has  hitherto  been  available;  and  it  ap- 
peared to  the  author  that  the  prosecution  of  a  somewhat  extensive 

*  Presented  at  the  Chicago  meeting,  May  and   June,  1904,  of   the  American 
Society  of  Mechanical  Engineers,    and  forming  part   of  Volume  XXV.    of  the 
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research  into  tlu'  niatter  would  well  repay  the  time,  labor,  and 
expense,  whieli  it  would  necessarily  involve. 

-t.  The  present  l*aper  records  the  results  of  over  300  serial 
trials,  each  requiring  the  making,  recording  and  reducing  of  from 
oO  to  100  observations ;  but  it  is  only  to  be  looked  upon  as  a  first 
instalment  of  the  work  required  to  be  done  in  order  that  the 
action  of  the  tools  used  in  a  machine-shop  may  be  thoroughly 
undei*stood. 

r>.  Till'  thanks  of  the  author,  and,  if  the  results  herein  contained 
should  prove  of  value,  those  of  the  engineering  public,  should  be 
given  to  those  whose  action  alone  rendered  possible  the  carrying 
out  of  the  work.  Pirst,  viz.,  to  the  authorities  of  the  Manchester 
^[unicij)al  School  of  Technology,  who  authorized  the  expenditure 
incurred  for  jwwer,  light,  and  mechanical  assistance,  to  a  not  in- 
considerable amount.  Second,  to  the  firm  of  Sir  W.  G.  Arm- 
strong, Whitworth  &  Co.,  for  the  continuance  of  their  loan  of 
the  lathe  used  in  the  experiments  by  the  Manchester  Committee; 
for  the  donation  of  the  remainder  of  the  material  unoperated 
upon  in  these  experiments,  viz.,  three  steel  forgings  and  three  iron 
castings;  and  for  the  gift  of  large  quantities  of  their  AW  steel 
of  various  sections. 

<1.  The  record  of  the  experimenters  in  this  field  is  not  a  very 
long  one.  Tn  Hartig's  work  "  Experiments  on  the  Efficiency  of 
Machine-Tools,"  "  the  law  was  enunciated  that  the'  cutting  force 
varies  in  simple  proportion  to  the  depth  of  the  shaving.  In  the 
*•  Proceedings  of  the  Koyal  Society  "  for  December,  1881,  Mr.  A. 
Mallock  j)ublished  certain  observations,  and  the  conclusions  he 
deduced  from  these,  upon  lathe  turnings,  made  in  the  engineering 
workslio])  at  Cand)ridge  University.  He  then  gave  an  analysis 
of  the  forces  acting  upon  the  tool  when  removing  the  shaving; 
and  it  will  be  interesting  to  compare  his  results,  where  possible, 
with  the  experimental  data  given  below.  Professor  R.  H.  Smith 
jaiblislied,  in  his  work  on  ^'  Cutting  Tools  "  in  1882,  a  series  of 
diagrams  and  tables,  giving  the  results  of  experiments  made  by 
liim  with  a  lever  fonn  of  dynamometer  for  measuring  the  vertical 
force  only;  but  the  cutting  forces  he  measured  never  exceeded 
1,000  pounds,  and  the  cutting  speeds  were  all  below  10  feet  per 
minut/'. 

7.  Professor  Sniitli,  in  the  preface  to  his  book,  takes  ITartig 
teverely  U>  task  for  ]»ro]}osing  the  above-mentioned  law  of  varia- 

♦  Leipzig,  1873. 
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tion  of  force  with  depth;  but  (although  the  author  has  not"  had 
access  to  Hartig's  work)  the  results  of  the  present  experiments 
appear  to  substantiate  Hartig's  law  to,  at  all  events,  a  first  ap- 
proximation; and,  however  valuable  Professor  Smith's  work  may 
be,  it  appears  to  the  author  to  be  open  to  the  criticism  of  lack  of 
scope  and  exaggeration  of  detail.  His  experimental  apparatus, 
consisting  of  a  Smith  and  Coventry's  tool-holder,  with  a  -f^  -inch 
steel  pin  driven  through  it  to  act  as  a  fulcrum  between  the  cut- 
ting force  at  the  front  and  the  weight  scale  at  the  back,  w^as  ob- 
viously unsuited  for  heavy  cuts,  the  steel  pins  having  to  sustain 
the  sum  of  both  the  cutting  and  weighing  forces.  In  the  dyna- 
mometers described  in  this  Paper  this  error  has  been  avoided,  and 
by  placing  the  horizontal  and  vertical  axis  about  which  the  tool 
is  free  to  move  at  the  back,  whilst  the  weighing  thrust  is  applied 
at  the  front  near  the  cutting  end,  and  therefore  between  point 
and  axis,  the  latter  has  only  the  small  difference  between  the 
cutting  and  weighing  forces  to  sustain  and  can  be  made  corre- 
spondingly small  and  frictionless. 

8.  Two  dynamometers  were  made  and  used  in  these  experi- 
ments. They  were  each  capable  of  measuring  forces  up  to  15 
tons  on  the  tool  point  when  taking  a  cut.  In  the  first,  means 
were  only  provided  for  measuring  the  vertical  force  upon  the 
point  of  the  tool;  w^hilst  in  the  second,  not  only  the  vertically 
directed  force,  but  also  that  tending  to  push  the  tool  and  saddle 
backwards,  and  that  tending  to  oppose  the  traversing  feed  were 
observed. 

9.  The  second  apparatus  grew  out  of  the  first,  and  was  only 
constructed  after  sufiicient  experience  with  the  simpler  form  had 
indicated  the  feasibility  of  a  still  freer  suspens'^n  of  the  tool. 

10.  The  force  measurer  itself  consisted  of  an  hydraulic  support 
and  a  Bourdon  gauge.  The  author  had  already  had  considerable 
experience  wdth  these  supports,  having  constructed  small  ones 
lor  similar  work,  and  a  set  for  use  in  a  rotatory  transmission 
dynamometer,  in  the  laboratory  of  the  McGill  University,  Mon- 
ti-eal.  His  attention  was  first  attracted  to  them  in  connection 
vrkh.  the  reports  on  railway  brakes  presented  to  this  Institution  by 
Caiptain  Galton,*  in  which  a  support  designed  by  Mr.  George 
Westinghouse  is  figured  and  described,  and  was  largely  used  in 
the  experimental  van  employed  by  the  former.  The  pressure 
was.,  however,  recorded  by  connecting  the  interior  of  the  support 

"  *  Proceedings,  1878,  pp.  467  and  590,  also  1879,  p.  170. 
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to  a  steam-engine  indicator,  and  as  there  was  necessarily  con- 
siderable leakage  of  the  fluid  past  the  piston,  an  auxiliary  fluid- 
supply  device  had  to  be  added,  which  not  only  disturbed  the  read- 
ings of  the  pressure,  but  also  made  the  instrument  more  com- 
plicated. 

11.  By  reading  the  pressure  on  a  Bourdon  gauge,  and  taking 
precautions  in  making  the  joints,  leakage  can  however  be  entirely 
eliminated;  and  the  author  used  the  instrument  in  this  form  in 
lS9-i,  believing  the  method  to  be  original.  He  has  since  found 
that  many  others  had  adopted  the  same  plan  for  measuring  a 
transmitted  force,  notably  J^apoli,  Thomasset,  and  Maillard. 

12.  The  principal  hydraulic  support,  used  for  measuring  the 
vertical  force  on  the  tool  in  both  the  first  and  second  dyna- 
mometers, is  shown  in  sectional  elevation  in  Fig.  313.  The  com- 
pression piece  A,  when  thrust  upwards,  produces  pressure  in  the 
fluid,  which  communicates  by  means  of  the  small  copper  pipe  B 
through  the  make-up  plug  fitting  C  with  the  interior  of  the  gauge 
tube  D.  The  body  of  the  diaphragm  casing  JE  is  held  down,  to 
the  lathe  saddle  by  means  of  two  bolts  FF,  Fig.  312.  Care  must 
be  taken  in  filling  the  diaphragm  to  remove  all  air  from  the  con- 
tained fluid.  Distilled  water,  which  is  boiled  after  filling  the 
casing,  makes  a  satisfactory  medium;  and  a  small  filling  screw 
fitted  in  the  end  of  the  gauge  tube  is  necessary  for  ridding  it  of 
air. 

13.  Turning  now  to  the  other  end  of  the  dynamometer,  the  tool 
was,  in  the  first  instance,  free  to  move  only  about  a  horizontal  axis 
Cparallel  to  the  lathe  centre  line).  This  arrangement  is  shown  in 
Pigs.  310,  31 1,  312.  The  axis  is  formed  bythe  points  of  two  screws 
G  passing  through  two  massive  cast-iron  chocks  H  which  rest 
ypon  the  tool-slide.  The  points  of  the  screws  enter  into  deep 
centre  pops  made  on  the  sides  of  the  tool  before  hardening.  When 
the  tool  is  resting  freely  between  the  two  loose  chocks,  and  the 
screw  points  are  entered  into  the  pops,  the  tool  clamps  are  tight- 
ened down  hard  upon  the  former,  and  when  the  screws  are  then 
advanced  up  to  the  tool  it  has  only  one  degree  of  freedom  to 
move.  Friction  between  the  tool  and  the  cast-iron  side-pieces,  due 
to  vertical  motion  of  the  former,  is  prevented  by  interposing 
frreasy  plates  between  them;  and  the  tool  is  supported  near  it^ 
ix>int  by  the  strut  /  underneath  it  This  is  of  adjustable  length, 
is  formed  into  a  knife-edge  on  top,  and  rests  upon  a  knife-edge 
on  the  cast-steel  beam  /  at  bottom. 
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First  Dynamometer,  measuring  Vertical  Force  only. 
SIDE  ELEVATION. 


k^   . 


DIED- 
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Sectional  Elevation, 


Fig.  313. 


Fig.  814  — PLAij. 
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14.  This  strut  I  is  kept  in  place  dunng  the  cut  by  the  stirruj> 
shaped  piece  K,  which  is  hinged  on  the  tap-bolts  L,  and  retains  / 
by  means  of  two  pointed  screws  M  which  enter  the  centres  of  the 
tool  steel  pin  N  connecting  the  double  and  single  eye  as  shown. 

15.  The  beam  is  about  2  feet  4^  inches  long,  has  a  fulcrum  on 
the  under  side,  and  another  knife-edge  formed  upon  its  upper  side 
at  the  opposite  end  for  taking  the  diaphragm — strut  A.  The 
fulcrum  is  a  knife-edge  4  inches  long,  formed  on  the  beam  and 
resting  on  a  flat  steel  plate  upon  the  saddle.  It  is  important  that 
the  knife-edges  should  be  part  of  the  beam,  so  that  the  leverage 
raito  mav  remain  constantly  the  same,  notwithstandinci:  chatter. 

16.  With  this  arrangement  loads  of  over  10  tons  on  the  point 
of  the  tool  have  been  taken  when  cutting,  mth  but  little  more 
vibration  than  what  is  felt  when  the  tool  is  bolted  to  the  tool-slide 
in  the  ordinary  way.  The  diaphragm  only  yields,  when  the  fluid 
is  air-free,  by  the  amount  necessary  to  supply  the  increased 
volume  of  the  gauge  due  to  the  added  pressure,  and  the  spring 
of  the  tube  is  able  to  bring  the  arrangement  back  to  zero  when 
the  load  is  removed.  In  order  to  assist  this  action  the  tool  (whose 
point  is  set  centrally  to  the  Avork)  is  adjusted  with  a  considerable 
droop ;  so  that,  as  A\uth  a  spring  tool,  the  cutting  force  diminishes 
when  the  tool  deflects. 

17.  In  the  second  form  of  dynamometer  the  same  large  hy- 
draulic support  Zy  Fig.  313,  cast-steel  beam  /,  struts  .1  and  J,  are 
used  as  in  the  first  for  measuring  the  downward  force ;  but  three 
other  diaphragms  are  added  to  enable  the  backward  and  side 
thrusts  to  be  measured.  The  side  elevation  of  the  whole  instrument 
is  shown  in  Fig.  313,  the  plan  in  Fig.  314,  and  the  front  and  side 
views inFigs.  315  and 316.  The  loose  cast-iron  cheek-pieces  are  here 
replaced  by  a  casting  0,Fig.  314,  shaped  to  fit  round  the  tool  clamp 
studs,  and  recessed  to  pro^ude  for  the  gimbal  tool-holder  P.  The 
object  of  the  latter  is  to  allow  the  tool  freedom  to  move  about 
either  a  horizontal  axis,  parallel  to  the  lathe  centre  line,  or  a 
vertical  axis  intersecting  the  other.  Two  pointed  screws  Q  pass 
through  0  into  centre  punch  marks  in  the  gimbal  piece  P ; 
and  two  other  similar  screws  R  pass  through  the  gimbal  into 
pop  marks  on  the  top  and  bottom  surfaces  of  the  tool  itself. 
As  the  tool  point  can  now  move  horizontally  (as  well  as  verti- 
cally), the  strut  I  is  pointed  at  the  bottom  and  rests  in  a  recess 
in  the  cast-steel  beam  /,  instead  of  upon  a  knife-edge  formed 
upon  it  as  before.    The  stirrup  piece  K  is  now  only  used  to  retain 
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the  strut  I  in  the  direction  of  the  depth  of  the  cut;  that  strut  being 
free  to  tilt  somewhat  in  the  direction  of  the  traverse  feed.  The 
two  hydraulic  supports  S  and  T  (with  struts  U  and  V  of  adjustable 
length)  are  suitably  placed  so  as  to  retain  the  tool  in  a  fixed  posi- 
tion, in  plan,  relatively  to  the  tool  slide.  When  an  experiment  is 
about  to  be  made,  compression  is  put  on  both  these  supports  S  and 
T  by  screwing  and  lengthening  struts  U  and  Y ;  so  that  the  tool 
is  firmly  held  sideways  l)y  two  compressive  forces  of  from  500 
to  1,000  pounds  each,  acting  upon  it  from  the  supports.  If,  then, 
the  tool  slide  thrusts  to  the  right  when  traversing,  it  will  increase 
the  pressure  on  the  right-hand  support  T,  and  diminish,  by  the 
same  amount,  the  pressure  on  the  left-hand  support  S.  If  it  should 
thrust  to  the  left,  i.e.,  draw  into  the  cut,  it  Avill  have  the  reverse 
eifect. 

18.  In  order  to  allow  of  the  back  thrust  of  the  tool  being  meas- 
ured, the  pointed  screws  Q  are  not  tapped  through  the  casting  0 
itself,  but  through  sliding  blocks  ^V  fitting  in  slots  therein.  An 
hydraulic  support  X,  with  its  strut  I^,  is  supplied  at  the  back  of 
the  tool;  the  strut  centre  line  being  inclined  at  the  same  angle  as 
the  tool,  which,  for  the  reason  above  mentioned,  droops  somewhat 
towards  the  work. 

10.  The  tool  projects  very  little  behind  the  centres  of  screws 
Q,  and  there  is  thus  but  little  vertical  or  horizontal  motion  of  the 
point  of  strut  I^,  where  it  touches  the  tool,  when  the  latter  moves 
under  the  deflections  of  the  diaphragms  of  supports  Z,  S  or  T. 
Before  the  cut  commences,  support  X  is  also  put  under  pressure 
by  screwing  and  lengthening  strut  Y,  so  that  the  tool  is  kept  from 
running  in  by  being  pressed  with  considerable  force  through  the 
blocks  TF,  against  the  front  of  the  slats  formed  in  the  casting  0. 
Should  the  tool,  when  taking  its  cut,  thrust  backwards  with  a 
smaller  force  than  that  corresponding  to  the  initial  pressure  put 
upon  diaphragm  X,  that  pressure  must,  of  course,  be  suitably 
diminished  by  unscrewing  and  shortening  strut  Y. 

20.  The  general  arrangement  of  the  apparatus  is  shown  in  three 
photographs.  Figs.  317,  318  and  319.  For  these  the  author  is  in- 
debted to  the  kindness  of  his  colleague,  Mr.  Fishenden,  of  the 
School  of  Technology. 

Experiments  Made  icith  First  Dynamometer. 

21.  The  size  of  steel  ordinarily  used  in  the  experiments  was 
1:^  inch  square,  although  1^  and  2  inches  square  steel  was  some- 
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Fig.  317. 
Side  Yiew. 


Fig.  318. 
Frokt  View. 


Fig.  319. 
Plan. 
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times  employed.  In  projecting  a  series  of  trials  upon  the  effect 
of  tool  angle  npon  cutting  force,  the  shape  of  the  tool  point  in 
plan  required  first  of  all  to  be  carefully  considered.  Almost 
every  variety  of  shape  had  been  sent  in  by  the  steel  makers  in  the 
committee's  experiments,  and  there  was  no  indication  that  any  one 
of  these  was  distinctly  better  than  all  the  others.  The  round-nosed 
tool  was  the  most  common  form,  and  is  the  easiest  to  forge  and 
keep ;  but  it  has  the  great  disadvantage  from  the  point  of  view  of 
these  experiments  that  the  actual  cutting  angle  varies  on  a  given 
tool  with  the  depth  of  the  cut. 

■2-2.  It  was  therefore  decided  to  make  the  cutting  ed2:e  horizon- 
tal  and  at  an  angle  in  plan  of  45  degrees  with  the  axis  of  the  work. 
The  top  surface  of  the  tool  vras  a  plane  containing  the  cutting  edge, 
and  inclined  at  the  angle  called  ''  the  cutting  angle  "  to  the  verti- 
cal plane  which  also  contained  the  cutting  edge.  Ilie  cutting  edge 
terminated  at  a  point  f  inch  from  the  right  hand  corner  of  the 
tool  (in  1^  inch  square  tools)  so  that  the  average  cut  taken  would 
give  a  downward  thrust,  acting  as  nearly  as  could  be  arranged  in 
the  centre  line  of  the  tool,  so  as  to  prevent  any  twisting  action 
and  undue  load  upon  the  steel  centre  points.  The  nose  of  the 
tool  had  a  clearance  angle  in  plan  of  not  less  than  1  degree,  and  a 
small  radius  was  ground  on  the  coraer  between  the  two  edges. 
The  front  clearance  was  6  degrees,  the  tools  being  used  with  the 
cutting  edge  on  the  level  of  the  centre  of  the  work.  The  form 
of  the  tool  end  is  shown  in  plan  and  elevation  in  Figs.  38'>  and  381. 

23.  (In  the  series  of  experiments  made  T\uth  the  second  dyna- 
mometer for  elucidating  the  effect  of  different  values  of  the  angle 
(in  plan)  made  by  the  cutting  edge  with  the  lathe  centre  line,  the 
cutting  edge  was  still  kept  horizontal,  whether  the  plan  angle 
was  22|^,  45,  Q7^  or  90  degrees.) 

24.  The  results  of  the  series  of  trials  made  with  the  first  dyna- 
mometer, in  which  the  vertical  component  only  of  the  cutting 
force  was  measured,  are  given  in  Tables  1,  2,  3  and  4,  and  have 
been  plotted  in  Tigs.  320  to  329. 

25.  Tables  1  and  2  refer  to  medium  cast-iron:  Tables  3 
and  4  to  soft  (fluid-pressed)  steel;  these  being  the  only 
materials  so  far  used  in  these  trials.  The  former  material 
is  somewhat  harder  than  ordinary  shop  cast-iron  (ridr  ]\laii- 
chester  report),  whilst  the  latter  is  a  tough  but  not  very  luird 
steeL 
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20.  l\eferrixig  to  tables  1  and  3,  the  first  two  columns  give  the 
dat«  and  number  of  the  trial,  the  third  and  fourth  the  intended 
cut  and  traverse,  whilst  the  fiftli  and  sixth  give  the  tool  angles, 
the  seventh  and  eiglith  the  actual  cut  and  traverse,  and  the  ninth 
gives  the  product  of  these,  called  the  area  of  the  cut.  Column 
10  records  the  vertical  force  actually  observed  upon  the  tool  point, 
Avhilst  number  11  gives  the  cutting  stress,  being  the  quotient  of 
the  cutting  force  (col.  10)  by  the  area  of  the  cut  (col.  9).  Column 
12  gives  the  actual  cutting  speed,  and  column  13  the  horse-power 
required  for  cutting,  being  the  products  of  the  nmnbers  in  columns 
10  and  12  divided  by  33,000.  The  last  column  contains  remarks 
as  to  the  state  of  the  tool  at  the  commencement  of  each  trial  and 
other  points  of  special  interest. 

27.  For  both  cast  iron  and  steel  it  was  the  intention  to  make 
trials  with  each  of  four  different  traverses  :  ^-^  inch,  ^  inch,  ^  inch, 
and  f  inch,  and  with  four  depths  of  cut  for  each  traverse :  J  inch, 
^  inch,  §  inch,  and  ^  inch.  This  scheme  was  carried  out  in  the 
case  of  the  cast-iron,  so  far  as  was  possible  with  the  means  avail- 
able, for  each  of  the  four  cutting  angles  of  45,  60,  75,  and  90 
degrees. 

28.  Table  2  indicates  the  scope  of  the  cast-iron  series,  and 
records  the  cutting  stresses  observed,  in  tons  per  square  inch,  for 
each  series  of  cuts  and  each  of  the  four  cutting  angles  employed. 

29.  The  cutting  stresses  tabulated  in  Table  2,  Avhich  are 
olitained  by  dividing  the  observed  vertical  cutting  forces  by 
2,240  and  by  the  area  of  the  cut,  as  given  in  Table  1  (columns  10 
and  9),  have  been  averaged  for  each  traverse  and  tool  angle  in 
Figs.  320,  321,  322  and  323,  and  the  results  obtained  have  been 
jdotted  in  Fig.  328,  as  ordinates  on  a  base  of  cutting  angles. 

30.  This  plate  indicates  a  somewhat  lower  stress  for  wide  than 
for  fine  traverses,  although  this  concluson  does  not  appear  to  hold 
in  its  entirety,  especially  for  the  keenest  cutting  angle  used  (45 
ilegrees).  It  may  be  pointed  out  that  the  spots  plotted  in  Figs.  328 
and  329  are  not  single  experiments,  but  are  the  average  stresses 
for  all  depths  of  cut  deduced  from  the  sloping  straight  lines  of 
Figs.  320  to  323  (or  Figs.  324  to  327  for  steel).  These  sloping  lines 
are  drawn  so  as  to  allow  for  the  differing  degree  of  sharpness  of 
the  tool  used  in  each  experiment  depending  on  the  number  of 
previous  runs  it  had  had.  [The  small  figures  beside  each  spot 
on  the  last-mentioned  figures  indicate  the  number  of  trials  on 
wliich  th(;  tool  had  already  been  used  without  regrinding.] 
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tU.  The  lines  are  drawii  8traii»lit  in  Figs.  320  to  322,  as  express- 
ing the  conclusion,  Avliich  is  the  simplest  that  can  be  obtained  as  a 
first  approximation  to  the  observations,  that,  for  a  given  traverse, 
the  cutting  force  is  simply  proportional  to  the  depth  of  cut,  or  that 
the  cutting  stress  is  constant  for  a  given,  width  of  traverse  and 
given  tool-angle.  The  positions  of  the  spots  in  Fig.  328, may  there- 
fore be  viewed  with  some  degree  of  confidence  in  regard  to  their 
accuracy. 

TABLE   II. 

Medium  Cast  Iron  Trials. 

{Speed  25  Feet  per  Minute.) 

Numbers  of  Trials  for  Reference  as  given  in  Table  I,  and  Catting  Stress  deduced. 


Traverses          
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nh 
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rh 

1  inoh 
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inr-V 

1  o 

F      — 
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Cuts 

515 
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518 
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513 

f 
514 

1 
No. 

i 
5:i8 

539 

f 

No. 

No. 

543 

X 

4 

No. 

f 

Tool  Angles  (cut-  ( 
ting) f 

45°-^ 

516 

517 

No. 

\ 

93.5 

62.5 
520 

59.3 
521 

62.1 
522 

25.4 
502 

70 
503 

77.5 
508 

509 

.57.2 
532 

53.6 
533 

534 

31.6 
542 

\ 

519 

60°^ 

No. 

No. 

No. 

1 

72.6 
523 

64.2 
524 

61.4 
525 

64.2 
526 

56.6 
504 

58 
505 

53.2 
506 

58.5 
507 

56.6 
531 

50.7 
535 

53 
540 

77 
541 

i 

75°- 

No. 

No. 

No. 

\ 

] 

82.5 

74.4 

75.6 

77.0 

85,8 

77,3 

76  2 

82,5 

74.3  70.3 

54 

60.3 

Plan    Angle    45°  ' 

throughout ^ 

i 

527 

528 

.529 

530 

510 

511 

512 

536 

537 

544 

90°  K 

No. 

No. 

No. 

No. 

No. 

\   109.5 

j 

104.1 

97.6 

94.5 

98.5 

92.5 

97.2 

80 

79 

116 

32.  The  variation  of  the  cutting  stress  with  the  cutting  angle 
is  very  marked.  It  varies  by  nearly  one  hundred  per  cent,  of  its 
smallest  value,  w^hich  takes  place,  in  every  case,  for  a  cutting  angle 
of  about  60  degrees.  As  subsequently  shown,  however,  this  angle 
of  minimum  cutting  force  is  by  no  means  that  of  greatest  dura- 
bility. A  cutting  angle  of  80  degrees  is  that  indicated  as  being  best 
for  shop  use,  and  the  cutting  stress  for  this  angle  is  about  75  tons 
per  square  inch. 

33.  In  Table  3  the  results  obtained  in  the  experiments  on  soft 
(fluid-pressed)  steel  are  recorded  in  the  same  manner  as  already 
described  for  cast-iron. 

34.  In  the  series  of  trials  Avitli  soft  (fluid-pressed)  steel,  the 
scheme  of  trials  mentioned  above  was  commenced  and  lialf 
completed,    as    shown    in    Table    4,    but    as    by    that    time    the 
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second  dvnaniometor  was  ready  for  work  a  new  schedule  on  trials 
was  made  out  and  executed,  and  will  be  described  later  on. 

35.  Table  4  gives  for  soft  steel  the  same  results  as  were  tabu- 
lated in  Table  2  for  cast-iron.  The  cutting  stresses  in  this  table 
have  again  been  averaged  for  each  traverse  and  tool-angle  by  the 
method  shown  on  Figs.  324  to  327,  and  the  results  obtained  for 
thorn  in  tliis  way  have  been  plotted  as  ordinates  on  a  base  of  tool- 
angles  in  Fig.  329. 

TABLE   IV. 

Soft  (Fluid-Pressed)  Steel  Trials. 

{Speed  50  Feet  per  Minute.) 

Numbers  of  Trials  for  Reference  as  in  Table  III,  and  Cutting  Stresses  deduced. 


Traverses  .. 

tV  inch. 

i  inch. 

i  inch. 

i 

inch 

1 

Cuts 

1  * 
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i 

s. 
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66.4 
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79.5 
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89.4 
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94.5 
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80.8 

109.2 
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70 
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Plan  Anglel 
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"°-; 

79.5 

100 
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99.6 
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110.6 

99 

43°       : 

1 

throughout.  1 
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173 

613 
165 

614 
160 

615 

156.2 

632 
117.3 

633 
144.2 

634 
131.7 

635 

127.3 

30.  'I'he  variation  of  the  cutting-stress  with  the  traverse  in  the 
case  of  soft  steel  is  somewhat  complicated.  For  keen  cutting  angles 
(below  7.^)  degrees)  fine  traverses  require  less  cutting  force  than 
wide  ones,  whilst  for  blunt-nosed  tools  (i.e.,  cutting  angles  greater 
than  7r>  degrees)  the  reverse  is  the  case,  and  the  fine  traverse  cut 
re(juire.s  th(;  greater  effort  to  remove.  At  a  cutting  angle  of  75  de- 
greets  the  stress  is  the  same  whether  the  traverse  be  -^  inch  or  ^ 
inch,  and  has  the  value  of  about  100  tons  per  square  inch.  It  is 
furious  to  remark  that  this  angle  of  75  degrees  is  also  about  the 
]}ont  angle  for  shop  use,  as  shown  by  the  durability  trials  subse- 
quently to  be  cited. 

37.   We  may,  therefr>rc,  say,  with  some  confidence,  that  the 
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ordinary  shop  tool,  when  cutting  soft  steel  of  this  quality,  exerts  a 
vertical  force  of  100  tons  per  square  inch  of  area  of  cut  removed 
irrespective  of  the  proportion  of  width  of  traverse  to  depth  of  cut. 
[It  may  be  pointed  out  that  98.5  tons  per  square  inch  was  obtained 
in  the  Manchester  experiments  as  the  average  cutting  stress  for 
the  endurance  trials  on  soft  steel  (Table  20  of  Report)  in  which  one 
shape  of  tool  was  used  throughout,  the  cutting  angle  being  about 
70  degrees.  The  tool  is  figured  on  page  256  of  the  Report.  Ac- 
cording to  the  results  of  Fig.  329,  the  stress  on  these  endurance 
trials  ought  to  have  been  about  88  tons  or  even  less,  as  the  speed 
was  90  feet  instead  of  50  feet  per  minute,  but  it  must  be  remem- 
bered that  the  electrical  method  of  measuring  the  cutting  force 
from  which  the  figure  98.5  was  deduced  includes  not  only  the  ver- 
tical work,  but  also  that  done  in  pushing  away  the  shaving  over  the 
face  of  the  tool,  and  ought  in  most  cases  to  give  a  greater  value 
for  the  cutting  stress  than  that  attained  with  the  dynamometer. 
The  agreement  is  therefore  very  close,  and  the  two  results  are 
mutually  confirmatory.  ] 

Experiments  oh  Durability  of  Different  Cutting  Angles. 

38.  All  the  above  trials  were  made  in  the  endeavor  to  determine 
the  laws  of  the  variation  of  cutting  force  with  tool-angle  and  with 
shape  of  cut.  It  was,  however,  d  priori  to  be  expected  that  the 
tool-angle  which  gave  the  smallest  cutting  force  would  also  prove 
the  most  durable  or  remove  the  greatest  weight  of  material  before 
failure.  As  this  is  a  point  of  even  greater  practical  importance 
than  the  other,  two  further  series  of  trials  were  projected,  one  on 
the  soft  steel,  the  other  with  the  medium  cast-iron,  for  the  purpose 
of  finding  the  cutting  angle  to  be  commended  for  shop  use. 

39.  In  the  cast-iron  series  a  cutting  speed  of  44  feet  per  minute, 
with  a  cut  ^\inch  deep  by  i^^  inch  traverse,  was  decided  upon, 
after  about  fifteen  preliminary  trials  had  been  made.  It  was  found 
in  these  preliminary  experiments  that  a  foot  per  minute,  more  or 
less,  in  the  cutting  speed  made  a  great  difference  in  the  duration 
of  the  experiment;  and,  as  time  and  material  had  to  be  economized, 
the  careful  adjustment  of  the  speed  was  necessary  to  ensure  uni- 
form and  consistent  results.  Cutting  angles  of  less  than  60  degrees 
were  excluded,  but  it  was  decided  to  use  tools  of  60,  65,  70,  75,  80, 
85  and  90  degrees  cutting  angles,  and  to  run  them  at  the  above 
speed  exactly  until  they  failed. 
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The  results  are  given  in  Table  5.  This  table  contains  the 
trial  numbers  and  dates,  the  .intended  and  actual  cuts  and 
traverses,  the  angles  of  the  tools,  and  the  time  required  to  fail 
them ;  or  the  duration  of  tlie  run.  (The  plan  angle  was  45  degrees 
throughout.) 

TABLE  Y. 
Failure  Trials  with  Different  Cutting  Angles  on  Medium  Cast  Iron. 

Intended  cut,  ^%  inch  :  traverse,  xV  i"^^  '■>  cutting^  speed,  44  feet  per  minute. 


' 

Actual 

Number. 

Actual 
Area. 

Angle 
of  Tool. 

Size  of 
Tool. 

Duration 
of  Trial. 

Remakks. 

Date. 

Cut. 

Traverse. 

1903. 

Deo. 

Sg.  In. 

Min. 

Sec. 

Dec.  17... 

561 

0.1815 

0.0625 

0.01134 

60 

H 

2 

47 

1  ( 

562 

0.1815 

0.01134 

00 

H 

0 

21 

Too  soft. 

Dec.  33.!. 

563 

0.1830 

0.01144 

65 

U 

4 

10 

<  • 

564 

0.1745 

0.01090 

65 

u 

1 

51 

Too  soft. 

<  < 

566 

0.1875 

0.01172 

70 

H 

8 

45 

"     ... 

567 

0.1715 

0.01071 

70 

H 

2 

0 

Too  soft. 

{( 

568 

0.1815 

0.01134 

75 

n 

12 

15 

" 

569 

0.1800 

o. 01125 

75 

n 

4 

0 

Too  soft. 

**     ... 

570 

0.1770 

0.01106 

80 

H 

8 

14 

19<»4. 

Jhd.  6 

573 

0.1830 

0.01144 

80 

n 

5 

30 

Too  soft. 

*' 

574 

0.1825 

0.01141 

85 

u 

7 

55 

<( 

576 

0.1710 

0.01068 

85 

H 

2 

40 

Too  soft. 

( ( 

575 

0.1670 

0.01043 

90 

u 

4 

50 

«4 

577 

0.1710 

0.01068 

90 

u 

1 

10 

Too  soft. 

40.  The  times  of  failure  or  durations  of  these  runs  are  plotted 
as  ordinates  on  a  base  of  tool-angles  in  Fig.  330.  From  Table  5 
and  Fig.  330,  it  is  clearly  seen  that  a  cutting  angle  of  from  75  de- 
grees to  80  degrees  with  tools  of  45  degrees  plan  angle  were  the 
most  durable  for  medium  cast-iron.  As  the  cut  (t\inch)  was  some- 
what shallow,  and  the  tool  point  had  a  small  radius  (about  -^^  inch) 
in  plan,  the  shaving  moved  off  in  a  direction  nearly  perpendicular 
to  the  a.xis  of  the  work,  instead  of  at  right  angles  to  the  cutting 
edge  of  the  tool  (45  degrees  in  plan).  This  means  that  the  actual 
cutting  angle  measured  in  the  direction  of  motion  of  the  shaving 
(in  plan)  [or  the  true  cutting  angle  as  per  Manchester  Report, 
p.  24^)  I  was  about  81  degrees. 

41,  Tools  .should  therefore  be  ground  for  maximum  endurance 
in  tho  cutting  of  cast-iron  in  ordinary  shop  practice,  so  that  their 
tnie  futting  angles  are  al)out  81  degrees,  or  if  they  are  allowed 
0  degrees  clearance  for  working  on  the  level  of  lathe  centres,  they 
8ho«ld  have  an  included  angle  of  about  75  degrees. 
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SOFT  STEEL  (Fluid  pressed). 

FAILURE  TRIALS  OF  TOOLS  WITH  VARIOUS. 

CUTTING  ANGLES.   CUT  H"    TRAVERSE  W.' 

SPEED  75  FEET  PER  MINUTE. 


MEDIUM  CAST  IRON. 

VARIATION"  OF  CUTTING  STRESS  WITH  ANGLE  OF  TOOL. 
(DIFFERENT   TRAVERSES) 
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SOFT  STEEL,  (Fluid  pressed). 

VARIATION  OF  CUTTING  STRESS 
WITH   ANGLE  OF  TOOL. 
(DIFFERENT  TRAVERSES) 
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Fig.  331. 


FAILURE  TRIALS  OF  TOOLS  WITH  VARIOUS 

CUTTING  ANGLES.   CUT  >■„"     TRAVERSE.Me 

SPEED  44  FEET  PER  MINUTE. 

MEDIUM  CAST  IRON 
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Fig.  329. 
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CUTTING  ANGLES 

Fig.  330. 
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42.  The  series  of  trials  made  to  determine  the  most  durable 
angle  of  tool  for  the  rapid  cutting  of  steel  had  to  be  run  at  a  speed 
of  75  feet  per  minute,  in  order  to  secure  failure  in  a  reasonable 
time  on  the  cut  of  ^  inch  by  J  inch,  which  had  been  decided  upon. 
Unfortunately  the  soft-steel  shaft  supplied  by  Messrs.  Whitworth 
(originally  22  inches  diameter  and  9  feet  long)  was,  by  the  time 
the  trials  now  referred  to  were  commenced,  reduced  to  a  diameter 
of  less  than  6  inches  in  parts,  and  the  vibration  which  sometimes 
ensued,  together  ^viih  the  difficulty  of  getting  sufficient  length  of 
parallel  bar  for  a  failure  trial,  prevented  the  series  from  giving 
a  quite  conclusive  result  with  regard  to  soft  steel. 

Table  6  and  Fig.  331  give  the  figures  and  show  the  nature  of 
the  results  obtained. 

TABLE   VI. 

Faii-ure  Trials  with  Different  Cutting  Angles  on  Soft  (Fluid- 
Pressed)  Steel. 

Intended  cut,  i  inch  ;  traverse,  ^  inch  ;  cutting  speed,  75  feet  per  minute. 


Actual 

Number. 

Actual 
Area. 

Angle 
of  Tool. 

Size  of 
Tool. 

Duration 
of  Trial. 

Eemarks. 

Date. 

Cut. 

Traverse. 

1904. 

Deq. 

Sq.  In. 

Min.    Sec. 

March  10. . 

805 

0.246 

0.125 

0.03075 

55 

H 

5     10 

k( 

806 

0.2287 

0.125 

0.0286 

60 

li 

3       0 

<( 

807 

0.229 

0.125 

0.02864 

65 

H 

6     15 

X 

809 

0.256 

0.125 

0.032 

55 

u 

3      0 

(( 

810 

0.267 

0.125 

0.0334 

60 

u 

6    35 

t  < 

811 

0.2495 

0.125 

0.0314 

65 

U 

12    20 

t( 

812 

0.2415 

0.125 

0.03015 

70 

u 

19      0 

it 

813 

0.2067 

0.125 

0.02585 

75 

u 

19    35 

Not  failed. 

March  18.. 

814 

0.265 

0.125 

0.03315 

55 

u 

3    25 

<< 

815 

0.24;j5 

0.125 

0.03045 

75 

li 

24    30 

Not  failed. 

The  Beriea  is  to  he  repeated  with  medium  steel. 


43.  A  further  series  of  trials  to  determine  the  most  durable 
cutting  angle  of  tool  for  steel  was  carried  out  with  the  remainder 
of  the  bar  of  medium  fluid-pressed  steel  used  in  the  Manchester 
Committee's  experiments. 

44.  The  trials  above  reported  with  the  soft  steel  bar  proved  in- 
conclusive in  their  results,  as  the  bar  had  become  so  reduced  in 
diameter  that  a  run  of  duration  sufficient  to  fail  a  tool  was  with 
difficulty  attainable,  and  excessive  springing  of  the  work  and 
chattering  of  the  tool  took  place.     The  medium  steel  bar  had, 
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however,  still  a  diameter  of  twelve  or  thirteen  inches,  and  its 
length  allowed  of  long  runs  being  taken.  Two  series  were  made, 
one  at  74  feet  per  minute,  the  other  at  73  feet  per  minute,  cutting 
speeds ;  the  cut  in  both  cases  being  -J  inch  deep  and  ^  inch  wide. 
Table  7  records  the  results  obtained. 

FAILURE  TRIALS  WITH   VARIOUS  CUTTING  ANGLES 

(PLAN   ANGLE  45^  THROUGHOUT)  ON 

MEDIUM  STEEL  (Fluid. pressed). 
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Fig.  232. 


Thoy  are  plotted  also  in  Fig.  232;  the  durations  of  the  various 
trials  being  set  up  on  a  base  of  cutting  angles  of  the  tools  em- 
ployed. 

Taken  altogether  these  trials  seem  to  show  that  a  cutting  angle 
of  about  70  degrees  (included  angle  65  degrees)  is  that  which  will 
last  the  longest  in  rapid  cutting.  The  plan  angle  of  the  cutting 
ed2:e  was  45  decTces  throu£!:hout. 

Experiments  ivWi  Vniversal  Dynamometer. 

45.  The  scope  of  tlie  series  of  trials  witli  the  second  or  universal 
form  of  dynamometer,  in  which  the  thrusts  in  both  horizontal 
directions,  as  well  as  in  the  vertical  direction,  were  measured,  is 
indicated  so  far  as  carried  out  up  to  date,  in  the  annexed  schedule. 

46.  One  series  was  projected  in  which  all  the  tools  were  to 
have  the  same  cutting  angle,  viz.,  55  degrees,  but  four  different 
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plan  angles  of  the  entting  edge,  viz.,  22^,  45,  67J  and  90  degrees. 
In  the  other  series  a  common  plan  angle  of  45  degrees  was  to  be 
preserved,  with  entting  angles  of  either  45,  60,  75  or  90  degrees. 


McoUot),J.  T, 

Fig.  233. 


TABLE   VII. 

Failurk  Triai,s  with  Dikkerent  Cutting  Angt-es  on  Medtdm  (Fluid- 
Pressed)  Steel. 

Intended  cut,  \  inch  ;  traverse,  i  inch.    Series  a.    Cutting  speed,  74  feet  per  minute. 


Marrli  2r. 


Datk. 

Number. 

Actual 

Actual 
Area. 

Angle 
of  Tool. 

Duration 
of  Trial. 

Remarks. 

Cut. 

Traverse. 

1904. 

March  25 

>  f 

818 
819 
820 
821 

822 

.245 

.2415 

.240 

.243 

.233 

.125 
.125 
.125 
.125 
.125 

.03063 
.03018 
.03000 
.03038 
.02913 

Deq. 
55 
60 

65 
70 

75 

Mln.    Sec. 

0  25 

1  12 
4    37 
3    10 

2  47 

Scrie 

fl  h.    Cutting  Hpced,  7.3  feet  per  minute. 

823 

.244 

.125 

.03050 

60 

5    10 

824 

•240 

.125 

.03000 

65 

6    43 

825 

.230 

.125 

.02875 

70 

7    30 

826 

.231 

.125 

.02890 

75 

10    37 

827 

.235 

.125 

.02940 

80 

9      8 
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Experiments  with    Universal  Dynamometers. 

SCHEDULE   A. 
FiKST  Sekies  :  Variable  Plan  Angle;   Cuttlng  Angle,  55  Degrees. 

{Speed,  50  Feet  per  Minute.) 
Number  of  Experiments  for  Reference  to  Tables  VII  and  "VIII.    Dimensions  of  Cut  and  Traverse. 


rian  Angles. 

746 

35  X  T*B 

721 

ix^L 

722 

tXx*B 

747a  &  6 
fxiV 

734 

7;35 
ixi 

45° 

717 

35  X  i»g 

716  &  718 

ix^Jg 

719 

720 

711a 

B=kxi 

7116  &  6' 
ixi 

712a  &  b 

713« 

155  Xi 

713/^ 

TBXi 

I 

713c|713d 

ixJixi 

713e  713/" 
Ix^x'i 

1 

67i'' 

705 

706 
ixJg 

707a  &  b 

708 

3  X  IB 

709 
ix^ 

710 

ixi 

* 

730 

fxi 

9(.i° 

714'/  &  b 
I'sxi 

741 

ixi 

715 

742  &  743 

fxi 

*  A  series  of  experiments  was  also  made  at  various  s])eeds  from  1  foot  in  4^  hours  up  to  84  feet 
per  minute  with  a  tool  having  67^^  degrees  plan,  and  55  degrees  cutting  angle.  These  tests  were 
numbered  as  follows  : 


SCHEDULE   B. 


725 

726 

fxi 

727 

7-28              729 

730              731 

732 

|xtV 

Cutting  f  inch  deep,  ti 

averse  J  inch  wide. 

Dead 

slow. 

10 

20                30 

1                   1                   ' 

45 

60 

84 

Feet  per  miii. 

SCHEDULE   C. 
Second  Series  :  Variable  Cutting  Angle  ;  Plan  Angle,  45  Degrees. 

{Speed,  50  Feet  per  Minute.) 
Number  of  Experiments  for  Reference  to  Table  IX.     Dimensions  of  Cut  and  Traverse. 


Cutting  Angles. 
45° 

744 

745 

fxi 

55° 
or   gQo 

< 

17,  716.  718.  719,  72 

as  above. 

Schedule  A. 

0 

711,712,713 

38  above. 
Schjiiule  A. 

75° 

722  W5 

ix^ 

739 

^xi 

740 

fx* 

90° 

737 

ixt 

738 

(i(U 
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47.  The  observations  obtained  in  these  two  series  of  experiments 
(SeheJnle^  A,  B  and  (')  with  the  second  or  universal  type  of 
dynamometer  give  tlie  three  components  of  the  total  thrust  of 
the  work  on  the  tool  point,  viz.,  the  force  acting  vertically  down- 
wards (T'),  the  force  acting  liorizontally,  parallel  to  the  axis 
of  the  work  and  tending  to  thrust  the  tool  to  the  right,  or  draw 
it  in  to  the  left  (T  or  —  T),  and  the  horizontal  force  acting  per- 
pendicularly to  the  centre  line  of  the  work  which  tends  to  thrust 
the  tool  backwards  {S), 


~^^>^ 


^m^^s^ 


■f 


Fig.  334. 

4.^.  The  knowledge  of  these  three  components  enables  the  mag- 
nitude  and  direction  of  the  resultant  force  {R)  to  be  determined. 
Fig.  .*].*]4  represents  the  tool  and  cut  in  plan,  a  h  being  the 
cutting  edge,  c  d  h  f  the  edge  of  the  work  in  section,  d  h  e  d}  d 
the  section  of  the  cutting  which  is  in  course  of  removal.  The 
actual  point  of  application  of  R  is  of  course  unknown,  but  will  be 
taken  for  convenience  at  a  point  0  on  the  cutting  edge  midway 
between  d  and  h  The  lines  d  h  and  //  fj  represent  the  direction 
of  motion  of  the  removed  shaving,  which,  for  deep  cuts,  Avas 
found  to  be  perpendicular  to  a  h. 

40.  From  0  draw  T  and  S  equal  to  the  traversing  and  surfacing 
forces  (as  above  described);  then  the  resultant  of  these  two  forces 
(//)  (acting  at  the  angle  y  to  S)  is  the  total  horizontal  component 
of  resultant  R. 

C)])viou.sly : 

f  

-    =  tan  ;'.  and  7/  —  S  Vl  4-  tan^  y  ;    thus  //  a,nd  y  are  known. 
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If  we  denote  tlie  plan  angle  of  the  cutting  edge  by  fi,  and  the 
angle  made  by  II  with  the  direction  of  motion  of  the  cutting  {i.e., 
the  perpendicular  to  db)  by  ^,  we  have  also  6  =  /3  ^  y. 

50.  Eeferring  now  to  Fig.  333,  which  shows  a  vertical  sec- 
tion of  tool  and  work  in  the  plane  containing  H  (and  R),  the 
real  cutting  angle  of  the  tool,  called  a,  is  shown  dotted  by  zaw, 

*  while  the  angle  zox,  called  a^^  is  the  cutting  angle  measured  in 
the  direction  of  tlie  force  H.  Let  i^  be  the  angle  between  the 
force  R  and  ov  perpendicular  to  ox.  Then,  drawing  V  and  H 
as  shoA\ai,  we  have : 

V  

—  =  tan  (180  —  o'h  +  t)  =  tan  ^,  say,  where  i  =  ISO  —  {a^^  +  ^), 

is  the  inclination  of  J^  to  the  horizontal ;  and  B  =  H  ^/  1  +  tan^  i. 
Also  tan  a~  = r :  so  that  a,,  and  tp  are  known. 

cos    d  n  r 

51.  The  values  of  these  and  other  quantities,  which  have  been 
worked  out  for  all  the  trials  made  on  the  Whitworth  soft  fluid- 
pressed  steel  with  the  universal  dynamometer,  are  given  in  Tables 
8,  9  and  10. 

52.  In  these  Tables,  columns  1  and  2  give  the  number  and  date 
of  the  trial,  columns  3  and  4  the  plan  and  cutting  angles  of 
tool  employed,  columns  5  and  6  the  actual  depth  of  cut  and  width 
of  traverse,  column  7  the  product  of  these,  called  the  area  of  the 
cut,  and  column  8  the  actual  cutting  speed  at  the  mean  diameter 
of  the  work.  Columns  9,  10  and  11  record  the  results  of  the 
d^mamometer  observations;  the  traversing  force  (T)  is  the  force 
exerted  by  the  tool  when  cutting — to  push  the  saddle  and  rests  to 
the  right;  the  surfacing  force  (8)  is  that  exerted  by  the  tool  to 
spring  the  rest  backwards,  and  the  vertical  force  (V)  is  that  push- 
ing the  point  of  the  tool  directly  downwards.  Colmnn  12  gives 
the  ratio  of  T  to  5  from  w^hich  y,  the  angle  of  inclination  to  >S^  of 
the  resultant  horizontal  force  (H),  can  be  found  from  the  formula 
given  above.  This  force  (II)  is  tabulated  in  column  13.  From 
the  ratio  of  F/if,  given  in  column  14,  the  angle  (i)  of  inclination 
to  the  horizontal  of  the  resultant  force  (R),  which  acts  upon  the 
tool  point,  can  be  found  as  given  above ;  this  angle  is  also  tabulated 
in  column  14  and  the  force  (R)  itself  in  15.  Columns  16  and  17 
give  the  cutting  angle  «h  of  the  tool  measured  in  the  direction 
of  the  force  H,  and  the  angle  of  inclination  {^)  oi  R  to  the  nor- 
mal to  the  top  surface  of  the  tool. 
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670  EXPERIMENTS    WITH    A    LATHE-TOOL  DYNAMOMETER. 

53.  Coluinns  IS  aud  19  give  items  of  some  practical  importance, 
viz.,  the  ratio  wliicli  T  and  S  bear  to  V.  As  a  full  knowledge  of 
r  for  many  cuts  and  traverses  has  been  given  from  the  results 
of  the  experiments  "svdth  the  first  dynamometer,  the  percentage 
ratios  now  given  will  enable  the  surfacing  and  traversing  forces 
themselves  for  those  shapes  and  areas  of  cut  to  be  found. 

54.  It  is  not,  however,  to  be  assumed  that  T/V  and  8IV  have 
the  same  values  for  the  cutting  of  cast  iron  as  those  now  given, 
which  are  for  soft  (fluid-pressed)  steel;  further  experiments  are 
required  to  determine  these  values  for  cast  iron. 

55.  Colunm  20  gives  the  horse-power  required  for  cutting,  be- 
ing the  result  of  multiplying  the  actual  cutting  speed  by  the  ver- 
tical force  y,  and  dividing  by  33,000.  Column  22  gives  the 
cutting  stress  in  tons  per  square  inch,  and  is  got  by  dividing  the 
vertical  force  (1^,  col.  11)  by  the  area  of  the  cut  (col.  7)  and  by 
2,240. 

50.  In  the  Tables  the  tests  are  arranged  in  the  same  way  as  in 
Schedules  .1,  B  and  C,  viz.,  Table  8  refers  to  experiments  with 
variable  plan  angle  of  tool,  the  cutting  angle  being  55  degrees 
throughout.  Table  9  refers  to  a  special  series  made  with  one  and 
the  same  tool  (67^  degrees  plan,  55  degrees  cutting  angle)  at  seven 
different  speeds  from  dead  slow  to  84  feet  per  minute,  the  cut  being 
§  inch  by  ^  inch ;  whilst  Table  10  records  the  results  of  tests  made 
with  tools  of  various  cutting  angles,  the  plan  angle  being  constant 
throughout,  and  equal  to  45  degrees. 

57.  Certain  of  the  results  in  these  Tables  have  been  selected 
for  graphic  representation  in  Figs.  335,  336,  337,  338  and  339. 
P  ig.  335  depicts  the  variation  of  the  surfacing  and  traversing 
forces,  expressed  as  percentages  of  the  vertical  force,  with  the 
•liiferent  plan-angles  of  tools  employed,  viz.,  22|,  45,  67-J,  and  90 
«l<'grees.  [I'his  angle  is  shown  and  called  ^  in  Fig.  334  and  Fig. 
33I».  I  We  see  that  the  traversing  force  ratio  varies  but  little 
and  irregularly,  and  is  of  smaller  iuqiortance  than  the  surfacing 
force. 

58.  The  sui-facing  force  ratio  is  seen  to  have  its  smallest  values 
for  tor>]s  with  a  plan  angle  of  45  degrees  (the  cutting  angle  being 
55  degrees).  This  minimum  varies  from  33  per  cent,  of  V  for 
light  cuts  to  1 8  per  cent,  of  V  for  heavy  cuts.  On  the  other  hand, 
the  percentage  sometimes  rises  to  nearly  40  per  cent. 

59.  In  Pig.  336  curves  have  been  drawn  showing  the  variations 
of  the  same  ])ercentages  with  tools  of  different  cutting  angles,  all 
the  tools  being  grouinl  with  a  45  degree  plan  angle. 
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60.  Both  the  T/V  and  the  S/V  ratios  are  seen  to  pass  through 
minimum  vahies  in  the  neighborhood  of  55  degrees.  The  mini- 
mum vahies  of  the  percentage  ratio  of  surfacing  to  vertical  force 


VARIATION  OF  SURFACING  &,  TRAVERSING 

FORCES  WITH  DIFFERENT  PLAN  ANGLES. 

(CUTTING  ANGLE  55~  THROUGHOUT). 

SOFT  STEEL  (Fluid  pressed). 


VARIATION  OF  SURFACING  &  TRAVERSING 
FORCES  WITH  DIFFERENT  CUTTING  ANGLES. 
(PLAN  ANGLE  45°THROUGHOUT). 
SOFT  STEEL  (Fluid  pressed). 


Fig.  335 


■i^>  60  7r.  y(j 

CUTTING  ANGLES 


i<i<;<,lson,-T.T, 


Pig.  386. 


VARIATION  OF  PERCENTAGE  OF  SURFACING  AND 
TRAVERSING  FORCES  WITH   DIFFERENT  CUTS. 

EXPERIMENT  NO.  T\3a,h,c,d,e.andf. 

TOOL  ANGLES,  Ss'^CUTTING   45°PLAN. 
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VARIATION  OF  ANGLE  OF  INCLINATION  OF  R 
TO  THE  HORIZONTAL    [l  80-(  (T^  +  ^  )1  ~  ''. 

AND    OF    ANGLE    OF    INCLINATION    OF    R    TO 

THE  NORMAL  TO  THE  TOP  TOOL  SURFACE(^) 

WITH  CUTTING  ANGLE. 

80"r 


ilO"      .50"      fiO^      70"     SO"'     90" 
CUTTING  ANGLE  OF  TOOLS 

A'tevlmii) ,./.  7". 


Fig.  338. 


vary  from  25  per  cent,  for  light  to  18  per  cent,  for  heavier  cuts. 
With  a  right  angle  for  the  cutting  angle  and  for  light  cuts  this 
ratio  may  attain  80  per  cent,  of  V.  T/V  is  again  not  so  important 
as  S/V,  but  it  may  reach  20  per  cent,  with  obtuse  cutting  angles. 
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fil.  It  is  curious  to  observe  that  Avliilst  S/V  diminishes  as  the 
cut  gets  heavier,  the  reverse  takes  place  with  T/  Y.  This  is  clearly 
shown  in  Fig.  387,  where  tlie  results  of  experiments  No.  713  a, 
h^  c,  d,  e,  and  /,  made  with  a  single  tool,  are  plotted  for  different 
depths  of  cut  from  3V  inch  hj  -J-  inch  to  ^  inch  by  ^  inch  (tool  45 
degrees  plan,  55  degrees  cutting  angle). 

1)2.  Fig.  ;>38  shows  how  (/),  tlie  angle  of  inclination  of  R  to 
the  horizontal,  alters  with  tools  of  different  cutting  angles  (plan 
angle  45  degrees).  It  also  shows  how  the  angle  of  inclination 
{^  )  oi  B  to  the  normal  face  of  the  tool  is  affected  by  changing 
the  value  of  the  cutting  angle. 


Xic^ll»ol>^J.T. 


Fig.  339. 


Trials 


737 


739 


713c 


744 


03.  'J'he  inclination  of  11  to  the  perpendicular  to  the  tool  face 
(  "A  )  is  remarkably  constant  for  all  tools  except  the  keenest.  It 
does  not  vary  by  more  than  one  degree  for  tools  of  55,  75  and  90 
degrees  cutting  angle,  the  average  value  for  these  being  about 
39  degrees.  ^ 

G4.  The  angle  i=r[180  —  (a/r +'/')]  at  first  increases  and 
then  diminishes  as  the  cutting  angle  gets  more  acute.  It  attains  a 
maximum  value  of  78  degrees  at  a  cutting  angle  of  55  degrees,  at 
which  F,  T  /V  and  S/ V  are  ji  minimum.  Fig.  339  sliows  someof 
these  variations  in  a  more  realistic  manner.  1'he  lower  and  upper 
views  are  of  the  same  kind  as  already  described  in  Figs.  333  and 
334. 

65.  The  experiments  (numbered  725  to  732  inclusive),  the 
results  of  which  are  given  in  Table  9  are  of  special  interest  in 
regard   to:  first,   the   variation  of  the   cutting  force   as   the  cut 
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progresses  at  a  very  low  speed;  second,  the  variation  of  the  cutting 
stresses  with  large  ranges  of  speed  variation. 

GQ.  These  experiments  were  made  with  a  tool  having  a  55 
degrees  cutting  and  a  67^  derees  plan  angle;  a  cut  f  inch  deep 
by  ^  inch,  vn.de  being  taken. 

Variation  of  Cutting  Forces  as  Cut  proi?resses.    Speed,  Dead  Slow. 
Soft  Steel  (fluid  pressed).     H  in.  cut.    H  in.  traver.se. 
Lbs.  Tool  Angles  5.5°  cutting,  G7H  °  plan. 
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67.  For  numbers  725  and  726  the  lathe  was  turned  round 
at  a  cutting  speed  of  about  1  foot  in  5  hours,  by  means  of  a  wire 
rope  made  fast  round  the  large  cone  pulley,  and  hauled  upon  by 
a  man  operating  a  winch. 

68.  A  pointer  about  5  feet  long  was  clamped  upon  the  forging, 
and  the  four  dynamometer  gauges  were  read  at  every  half  an 
inch  of  motion  of  the  end  of  this  pointer,  i.e.,  at  about  six  one- 
hundredths  (0.0625)  of  an  inch  of  the  cut.  The  vertical  force 
varies  from  9080  to  8920  every  f  of  an  inch  of  motion  of  the  tool, 
the  same  wave  length  characterizing  the  variation  of  the  surfac- 
ing and  traversing  forces.  The  observations  have  been  plotted 
in  Fig.  340  on  a  base  of  actual  relative  tool  motion. 
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69.  A  similar  experiment,  No.  636,  carried  out  mth  the  first 
dynamometer,  is  shown  in  Fig'.  341.  Here  the  cut  w^as  heavier,  f 
inch  by  i  inch,  and  the  tool  had  a  45  degree  plan,  and  60  degrees 
cutting  angle.  The  wave  length  of  the  force-curve  is  about  0.6 
inch  for  this  experiment,  and  it  varies  between  13,000  and  8,000 
pounds.     It  will  be  observed  that  the  force  attains  a  maximum 
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soon  after  the  cutting  commences  to  crack  or  shear  across,  and 
that  it  drops  to  a  minimum  when  the  small  piece  of  cutting  falls 
off  the  forgin<r.  At  such  a  slow  speed  as  this  the  cutting  has  time 
to  .shear  off  right  across  in  separate  fragments,  whereas  it  forms 
a  contiinions  curl  of  considerable  rigidity  when  the  cutting  speed 
U  higher  than  afew  feet  per  minute.  These  fragments  measured, 
in  thi.H  experiment,  about  {  inch  across  the  widest  part  of  their 
surface  next  the  top  of  the  tool  in  the  direction  of  motion. 

70.  Experiments  727  t/>  732  show  a  constantly  diminishing 
cutting  stress  as  the  speed  increases  up  to  84  feet  per  minute,  not- 
\vithstanding  the  fact  that  the  same  tool  was  used  upon  the  whole 
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series  of  cuts  without  regrinding.  Tlie  results  of  these  trials  are 
shown  graphically  in  Fig.  342.  In  experiment  732,  when  running 
84  feet  per  minute,  the  tool  was  removing  material  at  the  rate 
of  12.3  pounds  per  minute;  but  failure  ensued  in  one  minute 
twelve  seconds. 

71.  Further  comment  on  the  results  of  these  experiments  is 
reserved  until  the  heavier  cuts  required  to  complete  the  series 
have  been  made. 
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72.  In  conclusion,  the  author  desires  to  record  his  great  in- 
debtedness to  the  following:  Mr.  Dempster  Smith,  Demonstrator 
of  Mechanical  Engineering  in  the  School  of  Technology,  for  as- 
sistance in  the  laborious  work  of  compilation  and  reproduction  of 
the  results.  To  Mr.  J.  T.  Hodgson,  Mechanical  Superintendent, 
by  whose  care  and  ingenuity  the  difficulties  connected  with  the 
consti'uction  and  successful  use  of  the  dynamometers,  which  were 
constructed  in  the  school  workshops,  were  eventually  overcome; 
and  to  Mr.  C.  Coups,  turner,  who  carried  out  all  the  trials  not 
<)nly  of  this  series,  but  of  those  for  the  Manchester  Committee. 
The  consistency  of  the  results  obtained  is  largely  due  to  the  high 
degree  of  intelligence  and  skill  displayed  by  him. 
44 
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mSCUSSTON. 

Mr.  llavriugion  Emerson. — You  have  spoken  of  the  revohi- 
tiniiarv  c'harncter  of  the  discovery  made  by  Messrs.  White  and 
Tayk>r  in  machine  shop  practice  bv  developing  these  new  cutting 
steels.  In  studying  that  question  and  in  working  with  these 
new  cutting  steels  I  have  found  that  they  have  led  to  something 
that  seems  to  me  even  more  valuable  than  their  power  to  remove 
metal  rapidly. 

^fr.  Taylor  has  made  a  very  intimate  time  study  of  operations, 
and  it  was  because  he  was  making  this  time  study  that  he  was  led 
to  the  discovery  of  this  steel.  He  found  that  there  were  certain 
steels  that  cut  more  rapidly  than  others.  This  fact  instantly  fas- 
cinated ^Ir.  Taylor,  and  he  wanted  to  know  why  it  was.  His 
associate,  ^Ir.  AVhite,  analyzed  different  steels,  and  found  there 
was  practically  no  difference  whatever  in  the  analysis.  The  tem- 
pering treatment  was  next  studied,  until  the  discovery  was  made 
that  when  steels  of  certain  composition  are  heated  almost  to  the 
melting  point  and  then  cooled  very  rapidly  they  acquire  the  power 
to  cut  at  a  very  high  speed  and  at  a  high  temperature. 

But  this  is  the  point  that  I  wish  to  demonstrate.  Recently  in 
an  operation  performed  by  one  of  these  high  speed  steels  we  were 
able  to  reduce  the  former  time  of  -10  hours  to  20  hours;  but  for 
those  20  hours  the  steel  was  cutting  only  3^  hours,  ^ow,  if  we 
could  find  a  steel  that  Avould  cut  in  no  time  at  all  it  would  only 
save  3^  hours.  In  the  other  16^  hours  we  covild  undoubtedly 
save,  by  carefid  analysis  and  study  of  every  single  operation, 
more  than  the  three  and  a  half  hours  that  is  now  taken  in  the 
cutting  operation.  The  particular  value  that  I  have  found  in 
those  steels  is  that  it  leads  the  man  who  is  directing  operations 
^ntll  them  to  study  every  single  part  of  the  whole  operation, 
the  (juality  of  the  castings,  the  centering  of  the  pieces,  the  speeds 
of  the  lathe,  and  so  on,  and  if  this  is  done  it  will  be  found  that 
there  is  more  time  gain  to  be  made  by  cutting  out  wastes  than  by 
the  greater  capacity  oi  the;  steel  alone.  In  other  words,  taking  the 
same  operation  in  two  different  machine  shops,  one  machine  shop 
with  a  high  speed  steel  and  tlie  other  machine  shop  the  ordinary 
carbon  steel,  but  with  every  single  detail  element  toned  up  to  its 
uttr-rmost,  and  I  venture  to  say  that  the  shop  with  the  carbon 
-  *  '1,  ])nt  with  everything  (dse  tuned  up,  will  do  faster  work  than 
the  shop  using  high  cutting  steel,  but  go  as  you  please  in  other 
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respects.  Give,  however,  tlie  well-regiilated  sliop  good  steel  in 
addition  to  its  other  economics,  and  the  results  are  astonishing. 

J/r.  Jolin  2IcGeorge. — I  am  not  surprised  that  our  friends  hesi- 
tate to  discuss  this  paper.  It  requires  digestion.  I  want  to  ex- 
press my  thanks  to  the  author  of  the  paper  for  it.  It  clears 
up  points  on  which  I  have  been  looking  for  information  for  a 
long  time.  There  is  not  only  the  vahie  of  the  information  on  the 
speed  of  cutting,  but  the  vahie  of  the  paper  consists  largely  in 
information  that  it  gives  us  with  regard  to  the  requisite  strength 
of  the  machine.  I  had  to  go  through  a  little  experience,  not  long 
ago,  vdth  the  breaking  down  of  one  or  two  tools  just  at  the  time 
they  were  required  for  work,  because  they  were  forced  a  little 
beyond  their  usual  capacity,  and  it  seems  to  me  that  it  was  just 
for  the  want  of  such  information  as  this  that  those  tools  broke 
down;  they  had  not  the  requisite  strength  in  the  parts  where  it 
was  required. 

Usually  manufacturers  are  too  busy  getting  out  orders  to  go 
into  these  matters,  and  all  that  I  have  gotten  up  now  for  is  to  ask 
if  Prof.  Benjamin  would  try  and  secure  his  share  of  that  money 
that  has  just  gone  to  our  own  institute  (the  Case  School),  to  carry 
out  fully  some  experiments  in  this  direction,  not  only  with  lathes, 
but  with  regard  to  other  tools  as  well,  the  planer,  giving  the 
side  thrust  and  the  up  thrust,  and  in  all  directions;  the  same  ■\\'ith 
the  miller,  and  the  same  with  the  drilling  machine,  to  find  out 
where  the  stress  comes  exactly,  because  we  know  the  directions 
of  strains  are  very  complicated,  and  we  do  not  know  which  parts 
are  going  to  fail  first.  In  allowing  for  speeding  up  and  the  new 
strains  that  are  coming  on  the  tools  made  of  the  new  steels  we 
hardly  know  just  where  to  put  the  extra  strength,  and  I  would 
draw  the  Professor's  attention  to  the  fact  that  these  experiments 
should  be  made,  and  it  would  be  a  very  useful  thing  for  a  school 
like  his,  which  has  contributed  so  much  in  the  way  of  information 
to  the  profession,  to  carry  out  further  this  idea. 

Prof.  C.  II.  Benjamin. — I  had  not  expected  to  participate  in 
this  discussion,  because  after  reading  the  paper  I  felt  that  I  knew 
so  little  about  the  subject  as  to  make  it  hardly  worth  while  to 
say  anything.  I  consider  this  the  most  valuable  series  of  ex- 
periments on  the  cutting  power  of  steels  that  have  ever  been 
made  in  the  history  of  engineering.  The  completeness  vdih. 
which  they  were  carried  out,  the  universal  character  of  tlie  dyna- 
mometer and  the  resolution  of  the  cutting  pressure  into  its  ele- 
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ments — longitiuliual,  radial  and  tangential — are  all  worthy  of 
mention. 

What  Mr.  George  has  just  said  in  reference  to  making  experi- 
ment*; of  this  kind  in  this  countrv  at  some  place  Avhere  there  is 
time  to  devote  to  it,  has  led  me  to  say  a  few  words  on  that  sub- 
ject. It  had  been  my  intention  to  carry  on  some  experiments 
the  coming  year  on  the  high-speed  steels  in  the  laboratory  of  the 
school,  and,  for  that  purpose,  to  buy  some  special  machinery.  I 
feel,  however,  that  those  experiments  would  be  entirely  incom- 
plete without  some  such  apparatus  as  has  been  described  in  the 
paper  which  has  just  been  read,  and  that  to  make  such  experi- 
ments with  the  ordinary  forms  of  dynamometer  that  have  been 
used  in  the  past  would  be  puerile.  I  do  not  know  what  the  possi- 
InHties  will  be  in  the  way  of  procuring  or  of  building  a  dyna- 
mometer of  this  character  which  can  be  used  on  lathes,  on  plan- 
ers, on  boring  mills  and  the  other  types  of  machine.  I  hope, 
however,  that  means  Avill  be  provided  in  some  w^ay  to  accomplish 
this,  because  there  is  no  question  that  the  use  of  high-speed 
steels  is  one  of  the  recent  factors  in  our  industrial  development 
which  has  done  more  to  increase  the  output  of  the  machine  shop 
than  any  other  one  element.  If  there  are  any  manufacturers 
here  who  are  interested  in  this  question  and  in  the  further  solu- 
tion of  the  problem  I  would  be  glad  to  get  in  touch  wdtli  them, 
because  it  is  only  l)y  collaboration  and  co-operation  that  we  can 
hope  to  accomplisli  anything.  I  wish  some  public-spirited  citizen 
would  import  one  of  these  dynamometers  from  Great  Britain 
and  give  us  the  benefit  of  it. 

^fr.  ]Vm.  Pilton. — A  recent  editorial  comment  very  truly 
judges  these  experiments  as  ^'  far  and  away  the  most  complete 
that  have  been  undertaken  in  any  country."  These  experiments 
are  of  special  value  in  that  Professor  Nicolson  has  taken  prac- 
tical cuts  both  as  to  depth  and  the  feed  wdth  effective  cutting 
speeds  of  about  fifty  feet  per  minute,  it  being  clearly  shown  in 
hi.-*  endurance  or  "  failure  trials  "  that  the  tool  failed  very  quickly 
at  *50venty-five  feet  per  minute  with  heavy  roughing  cuts. 

Quoting  from  the  experience  of  one  w^ho  has  tried  about  every 
make  of  hig-h-speed  steel,  '^  W'r-  have  cut  a  ^  chip  ^V  ^^^^  ^*  ^ 
rate  of  200  per  minute  from  a  rod  of  steel.  Such  speeds  are  pos- 
.siblo  for  short  perirnls,  but  whoever  hiiys  a  rapid  cutting  steel 
with  tlie  expectation  of  maintaining  such  speed  Avill  be  sadly 
disappointed.''      lie    further    states,    ''  We    find    that    on    steel 
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where  there  is  no  considerable  thickness  of  metal  to  remove,  a 
speed  of  one  hundred  feet  is  very  satisfactory." 

I  know,  from  the  actual  tests  and  the  lathe-room  practice  as 
obtained  by  the  Xiles  Tool  AVorks  Co.  of  Hamilton,  Ohio,  that 
we  get  such  hea^y  cuts  and  feeds  at  from  35  to  50  feet  per 
minute  using  the  modern  tool  steels,  turning  high  carbon  steel, 
forged  shafts,  pinions,  etc.  The  tool  point  is  almost  a  red  heat 
and  the  chips  beautifully  colored. 

The  lathes  we  are  doing  this  work  on  are  the  same  machines 
as  formerly  used  with  the  tools  of  carbon  steels  and  slower 
cutting  speeds.  There  has  not  been  one  special  lathe  installed 
in  this  turning  department,  but  the  speed  of  the  line  shafts 
has  been  increased,  and  also  the  countershafts,  so  as  to  get 
correct  turning  speed  on  suitable  diameters  of  work  and  al- 
ways retain  the  power  of  the  back  gearing.  For  instance:  An 
ordinary  24-inch  lathe,  Avitli  its  countershaft  increased  in  speed 
to  suit,  will  take  verv  heavv  cuts  and  feeds  on  work  of  from  S 
inches  to  9  inches  diameter  with  the  back  gears  in,  and  by  using 
a  second  countershaft  speed  the  minimum  diameter  can  be  fur- 
ther reduced. 

At  a  meeting  of  the  St.  Louis  Engineer's  Club,  January  7,  1903, 
discussing  a  paper  by  Mr.  AV.  A.  Layman  on  speed  control,  Mr. 
AV.  Cooper  said  in  considering  the  fact  that  many  tools  are  not 
designed  to  stand  the  high  speeds  that  modern  tool  steel  will  per- 
mit: "  There  is  no  reason  why  a  machine  tool  that  is  adapted  to 
do  a  certain  work  should  not  do  this  work  at  two  or  three  times 
the  speed.  The  reason  for  this  seems  obvious,  in  the  fact  that 
the  strains  on  a  machine  are  due  entirely  to  the  torque  required 
to  make  a  given  cut.  With  this  given  cut  the  speed  may  be 
increased  three  or  four  times  without  producing  any  greater 
strains  on  the  machine  itself,  because  the  torque  remains  con- 
stant." 

Of  course  we  are  building  very  heavy  and  powerfully-geared 
boring  mills,  wheel  lathes,  etc.,  especially  intended  for  use  with 
high-speed  steel  and  to  carry  Heavy  cuts.  In  these  machines  the 
cast-iron  gears  are  replaced  with  those  of  steel  casting  and  steel 
forged  gears.  The  belt  width  and  the  gearing  ratio  are  also 
increased.  * 

Power  is  required  where  heavy  cuts  and  feeds  on.  steel  cast- 
ings are  specified  on  orders  for  certain  machine  tools.  A  nomi- 
nal power  at  the  tool  of  5,000  or  G,000  pounds  for  each  -gV  i^i<-'^ 
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of  fhip   ari^i   i>   r(M|uiro(l  for   turning  soft  steel  castings.      This 
increases  with  the  hanhu-  grades. 

As  to  cast  iron.  It  is  more  difficnlt  to  arrive  at  a  nominal 
power,  tliis  because  of  the  varying  degrees  of  hardness,  in  some 
instances  the  horse-power  per  cubic  inch  of  metal  removed  being 
ahn<ist  equal  to  that  of  some  steel  castings. 

In  further  discussing  this  paper,  I  might  offer  some  data  giv- 
in*''  the  results  of  several  carefully  planned  modern  machine  tool 
tests  where  the  results  obtained  compare  very  favorably  with  the 
results  here  given,  but  such  data  would  not,  I  think,  add  much,  ^ 
if  anv,  to  the  value  of  the  paper.  Professor  Nicolson  has 
stated  that  we  may  expect  to  hear  from  him  when  '^  the  heavier 
cuts  required  to  complete  the  series  have  been  made.'' 

Mr.  J.  Hartley  Wicksteed.'^ — I  think  it  states  in  the  beginning  of 
the  paper  that  the  wdiole  of  this  new  movement  for  rapid  cutting 
was  started  by  Messrs.  Taylor  and  White,  of  the  Bethlehem  Steel 
Company,  in  the  United  States.  They  made  a  most  remarkable 
exhil)ition  in  Paris,  at  the  Exposition,  in  which  the  engineering 
world  was  astonished  to  see,  instead  of  the  deliberate  manner  in 
which  steel  was  formerly  removed  by  tooling  in  a  lathe,  the 
cuttings  coming  off  in  long  continuous  pieces  colored  purple  with 
lieat  and  to  be  able  to  see  that,  iinderneath  the  cutting,  the 
tool  was  glowing  with  a  dull  red.  It  was  about  as  surpris- 
inir  as  when  it  was  discovered  that  a  carbon  filament  could 
be  used  for  electric  current  without  consuming  itself.  The 
whole  idea  of  a  tool  preserving  its  edge  when  in  a  state 
of  dull  red  heat  was,  I  think,  to  all  of  us  a  revelation,  and  it 
had  a  most  stimulating  effect  upon  these  gentlemen  and  others, 
because  as  soon  as  people  knew  that  it  w^as  possible  to  do  it  a 
number  of  persons  found  they  were  able  to  do  what  before  that 
had  been  thought  impossible.  Now  I  am  particularly  engaged 
in  tool  making,  and  I  consider  that  it  is  by  far  the  greatest  revolu- 
tion that  has  taken  ])lac('  in  my  life.  When  the  thing  came  out  it 
was  not  understorxl  as  to  how  ste(d  could  be  made  to  do  such  work, 
nor  was  it  understood  what  conditions  would  have  to  be  used  to 
take  advantage  of  it.  It  was  not  known,  for  instance,  whether 
according  to  the  law  of  the  flow  of  solids  you  could  remove  the 
material  with  a  smaller  pressure  at  a  slow  speed  than  you  could 
at  a  rpiick  speed.     That  is  settled  crucially  by  Dr.  Nicolson,  who 

*  ^IpinlKjr  of  the  Institution  of  Moclianical  Engineers  of  England. 
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made  one  experiment  in  which  he  only  moved  the  work  round  at 
the  rate  of  one  foot  in  four  and  one-half  hours.  It  did  not  come 
off  mth  any  less  pressure  on  the  point  of  the  tool  than  it  did  when 
he  was  moving  it  at  the  rate  of  50  feet  per  minute.  Incidentally 
in  that  experiment  he  found  out,  what  is  very  important  to  know, 
the  cause  of  the  vibrations  that  are  set  up  in  removing  the  shav- 
ing: he  was  able  to  take  a  diagram  of  the  pressure  of  the  tool  at 
the  different  stages,  and  he  found  that  first  of  all  the  tool  com- 
pressed a  flake  of  metal,  that  is,  set  up  a  plane  of  cleavage,  and 
then  shot  it  off  like  the  scale  of  a  fish,  and  that  the  diagram  w^as 
a  diagram  of  very  tall  peaks,  13  above  zero  of  pressure  and  valley 
only  8  above  zero,  the  pressure  on  the  tool  rising  to  a  certain 
point,  and  then  going  down,  all  of  which  you  will  find  in  the 
paper.  That  shows  that  you  have  to  provide  for  vibrations,  and 
that  is  the  explanation  why  it  is  that  you  cannot  make  good  use 
of  the  new  steel  by  simply  speeding  up  existing  lathes,  at  least, 
not  in  all  cases,  for  this  steel  not  only  gives  you  the  power  of  going 
at  a  greater  speed,  but  it  is  a  steel  which  will  preserve  its  edge 
better  and  w^ill  enable  you  to  take  deeper  cuts  and  greater  travel. 
A  paper  was  read  at  the  Institution  of  Mechanical  Engineers,  in 
London,  upon  the  cutting  angles  of  tools,  in  which  a  tool  dyna- 
mometer had  been  used,  and  this  tool  dynamometer  showed  cer- 
tain results  which  did  not  conform  to  the  results  shown  by  other 
experimenters  who  had  arrived  at  their  results  by  measuring  the 
power  that  went  into  the  lathe  head-stock.  Dr.  Mcolson,  how- 
ever, has  devised  a  very  improved  tool  dynamometer  which  gives 
its  results  almost  as  accurately  as  a  testing  machine  with  which 
vou  test  the  strenath  of  materials.  It  measures  the  force  down- 
ward  and  the  backward  thrust  of  the  tool.  Then,  together  with 
this  tool  dynamometer,  he  had  a  belt  dynamometer  that  meas- 
ured the  power  that  was  going  through  the  belt,  and  also  the 
ammeter,  and  he  was  able  to  put  the  whole  of  these  results  to- 
gether and  there  were  no  discrepancies;  there  were  differences, 
but  they  were  accounted  for,  but  the  net  value  on  the  tool 
was  all  confirmed  by  the  records  of  the  ammeter  and  by  the  belt 
dynamometer.  Dr.  Xicolson  designed  his  dynamometer  to  give  him 
a  load  up  to  15  tons  pressure  on  the  tool,  with  which  you  can 
take  presumably  a  pretty  fair  cut.  He  carried  out  his  experiments, 
I  think,  to  about  half  that;  but  he  has  not  finished  xef.  He  will 
proceed  to  carry  the  experiments  further,  and  with  still  deeper 
cuts.    I  think  what  he  has  arrived  at  so  far  is  that  he  has  removed 
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^iicccssfullv  D.l  pouiuls  weiii'lit  ])er  minute,  and  lias  found  a  cutting 
stress  of  IK)  tons  per  square  ineli  section  of  the  cut  upon 
soft  tluid  compressed  steel.  1  think  he  has  used  about  19^  gross 
liorse-power  in  doinii-  that,  and  he  has  found  a  very  large  differ- 
ence in  the  horse-ix^ver  that  is  absorbed  resulting  from  the  dif- 
ferent angles  to  which  rlie  tools  are  ground. 

So  that  incidentally  this  paper  is  extremely  valuable  in  giving 
the  best  angles  for  tools,  both  in  regard  to  endurance  and  also 
in  regard  to  the  power  that  is  absorbed. 

There  is  one  other  striking  remark  that  I  find  in  this  paper, 
and  which  seems  to  point  to  a  critical  speed.  It  is  found  on  page 
657  as  follows:  '*  It  was  found  in  these  preliminary  experiments 
that  one  foot  per  minute,  more  or  less,  in  cutting  speed  made  a 
great  difference  in  the  duration  of  the  experiment. '^  That  is  to 
say,  if  your  tool  does  not  last  as  long  as  you  would  ^\dsh  it  to, 
it  does  not  follow  that  it  is  because  you  are  cutting  too  fast;  it 
may  be  because  you  are  cutting  too  slow.  I  am  not  sure  wdiat  the 
material  was  as  to  which  that  remark  is  made,  but  it  does  seem 
to  me  a  point  for  very  interesting  investigation  to  find  out  more 
about  it. 

Mr.  Chambers.''- — That  was  cast  iron  material. 

President  Wichsteed. — Thank  you.  Perhaps  that  accounts  for 
a  great  deal  of  variation  in  people's  opinions  as  to  the  speed  at 
which  you  can  cut  cast  iron. 

I  will  now  ask  Mr.  A  damson  to  reply. 

Mr.  I).  Adamsoii.^' — 1  will  only  say  that  I  thank  you  very  much 
for  the  discussion,  and  that  Dr.  Xicolson  and  the  Committee  who 
were  associated  witli  him  in  the  earlier  experiments — referred  to  in 
the  article  in  tlie  A  tnerican  Machinist  mentioned  by  the  last 
speaker,  and  to  wliicli  tliis  ])aper  is  a  sort  of  supplement — all 
feel  that  we  are  only  at  the  beginning  of  this  interesting  investiga- 
tion, and  we  shall  be  very  glad  to  hear  of  any  further  experiments 
being  carried  out,  either  here  or  elsewhere.  There  is  ample  room 
for  a  very  instructive  series  of  experiments. 

Prof.  Win.  T.  Magruder. — A  somewhat  similar  set  of  experi- 
ments to  those  here  recorded  were  made  in  11)00  under  my  direc- 
tion by  Mr.  \V.  A.  KiiiL'lit,  at  tliat  time  instructor  ajid  at  jiresent 
Assistant  Professor  of  Maeliine  Shop  Practice,  at  tlie  Ohio  State 
University,  as  a  thesis  fr»r  tlie  degree  of  >r('chanical  Phigineer, 

•  Member  of  the  Institution  of  Mechanical  Engineers  of  England. 
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The  object  sought  was  not  solely  to  measure  the  work  performed 
in  cutting  metal,  but  rather  to  measure  the  "  workability  of  cast 
iron  "  and  other  metals. 

For  this  purpose,  a  Pratt  &  "Whitney  planer  was  used.  A 
specially  constructed  diaphragm  pressure  gauge  was  inserted  in  the 
tool-box,  so  as  to  receive  the  pressure  exerted  upon  the  tool  by  the 
piece  of  metal  being  cut.  A  cutting  tool  of  constant  shape  was 
mounted  in  a  tool  holder  of  such  shape  that  the  point  of  the  cut- 
ting tool  was  vertically  in  line  below  its  point  of  suspension.  The 
pressure  received  by  the  diaphragm  of  the  pressure  gauge  was 
transmitted  by  oil  to  a  double  tube  Bourdon  pressure  gauge  and 
from  it  by  a  parallel  motion  to  an  inking  pen  which  recorded  the 
pressure  required  to  make  the  cut.  The  record  was  made  on  a 
strip  of  paper  positively  moved  by  the  planer-table. 

The  usual  difficulties  incident  to  such  work  were  met  and  over- 
come, and  the  results  were  of  much  interest,  as  they  showed  the 
forces  required  to  remove  metal  by  a  planer  when  run  at  a  known 
speed,  gave  very  different  results  with  different  kinds  of  cast 
iron,  which  differed  both  in  character  and  amount  from  the 
diagrams  obtained  by  cutting  bar-brass,  wrought  iron,  and  the 
different  steels.  The  uniformity  of  the  texture  of  brass,  the  hard 
spots  in  cast  iron,  the  seaminess  of  wrought  iron,  and  even  the 
greater  homogeneity  of  tool  steel,  as  compared  with  machinery 
steel,  were  noted  by  the  apparatus  and  recorded  autographically 
with  much  uniformity  of  result. 

As  the  thesis  giving  the  records  is  at  present  among  the  ex- 
hibits of  the  Agricultural  and  Mechanical  Colleges  at  the 
Louisiana  Purchase  Exposition  at  St.  Louis,  I  am  unable  to  give 
greater  details  at  this  time. 

Dr.  J.  T.  Xicolson." — I  Avish  to  begin  by  thanking  ^Mr.  J. 
Hartley  AVicksteed  and  the  other  speakers  for  the  appreciatory 
remarks  they  have  made  regarding  the  work  done  and  reported  in 
the  paper.  I  agree  with  all  that  has  fallen  from  Mr.  AVicksteed, 
with  the  exception  of  his  last  sentence  or  two.  I  hardly  think  the 
quotation  he  has  made  from  the  paper  will  bear  the  interpretation 
that,  "  if  the  tool  does  not  last  as  long  as  you  wi>h  it  to, 
it  may  be  because  you  are  cutting  too  slow."  It  ha>  never  been 
found  in  these  experiments  that  a  tool  could  be  made  to  last 
longer  by  a   small   increase   of  speed.      Perhaps   'Mv.   AVicksteed 
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hiul  in  iiiiiul  a  possible  synchronization  of  tool  and  work  vibrations 
which  might  be  destroyed  by  a  slight  change  of  cutting  speed. 
This  might  haj^pen;  but  it  has  not  occurred  in  my  experience. 

AVith  rejrard  to  ^[r.  John  ^IcGeorge  and  Professor  Benjamin's 
remarks  as  to  further  experiments  being  made,  I  shall  be  very  glad 
to  furnish  blue  prints  and  full  instructions  for  the  construction 
of  a  dvnamometer  to  Professor  Benjamin;  and  would  recommend 
that  experiments  be  undertaken  on  the  principal  alloys  used  in  engi- 
neering, such  as  gun  metal,  brass,  phosphor  bronze  and  the  like.  I 
do  not  see  that  the  action  in  planing  should  be  much  different  from 
that  of  tooling  in  a  lathe.  Drilling  is  a  subject  requiring  study; 
and  I  have  already  instituted  experiments  in  this  direction. 

Mr.  Harrington  Emerson's  remarks  regarding  the  small  saving 
Avhich  will  be  effected  by  the  use  of  high-speed  steel,  unless  every 
detail  of  working  is  Jooked  into,  seem  to  me  very  much  to  the 
point.  If  three-fourths  of  tlie  working  time  of  a  lathe  is  wasted  by 
bad  management  it  matters  very  little  whether  the  cut  be  taken 
at  50  feet  «>r  15  feet. 

It  is  interesting  to  learn  that  Prof.  W.  T.  Magruder  used  a 
**  dia]>hragm  pressure  gauge  ''  on  the  tool  box  of  a  planer  in  1900. 
If  the  question  be  one  of  priority,  it  may  be  mentioned  that  the 
autlior  used  the  method  in  1894  at  McGill  University,  and  pre- 
sented a  diaphragm  dynamometer  to  Cambridge  University  Engi- 
neering laboratory  in  that  year. 

Mr.  Will.  Pilton  thinks  that  all  that  is  required  in  the  lathes 
as  now  used  to  make  them  available  for  high-speed  ste'el  is  to 
speed  them  up.  That  depends  on  how  the  gearing  is  arranged  and 
what  the  present  speed  of  the  cone  belting  is.  It  seems  clear  that 
most  r-one  Ijelts  run  too  slow^  and  that  speeds  of  4,000  to  5,000  feet 
per  minute  in  them  are  admissible,  provided  the  cone  is  off  the 
main  spindle. 

In  fonclusion  the  author  tenders  his  best  thanks  to  Mr.  Daniel 
Adamson  for  looking  after  the  paper  upon  its  presentation  in 
Chicago. 
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THE  POWER  PLANT  OF  THE  TALL  OFFICE  BUILDING. 

BY  JAMES   HOLLIS   "WELLS,    NEW   YORK,    X.   Y. 

(Member  of  the  Society.) 

1.  The  designing  of  modern  buildings  has  very  materially 
changed  the  organization  of  an  architect's  office,  and  unless  the 
expert  is  called  in,  there  is  associated  with  the  architect  an  engi- 
neer whose  specialty  is  the  designing  of  the  engineering  features. 

3.  The  engineer  works  in  conjunction  with  the  architect, 
and  works  up  the  scheme  generally  in  its  entirety,  by  no  means  a 
small  part  of  the  work. 

3.  The  eng|ineer  works  in  conjunction  ^vith  the  architect, 
advises  him  as  to  all  points  of  engineering  design,  and  eventually, 
when  the  scheme  is  matured^  takes  over  all  details  of  construc- 
tion. 

4.  Such  an  office  is  divided  into  two  working  parts;  one  of 
which  is  purely  architectural  and  the  other  engineering.  The 
engineering  force  again  is  divided  into  construction,  mechanical, 
electrical  and  sanitary  departments,  and  each  part  and  depart- 
ment is  dependable  one  upon  the  other,  so  that  when  all  designs 
are  completed,  the  general  contractor  is  able  to  carry  out  his 
work  rapidly  and  intelligently. 

5.  It  is  the  intention  of  this  paper  to  deal  only  with  the  engi- 
neering problems  which  enter  into  the  construction  of  a  tall  build- 
ing, and  it  will  be  impossible  to  do  more  than  deal  generally  even 
with  these.  Few  appreciate  the  vast  amount  of  work  and  respon- 
sibility involved,  and  any  one  of  the  subdi\asions  of  engineering 
alone  would  require  a  volume  if  written  about  as  it  should  be. 

Construction. 

6.  The  designing  of  the  foundations,  the  steel  and  iron  work, 
and  of  the  enclosing  brick  and  stone  work,  in  so  far  as  strength 

*  Presented  at  the  Chicago  meeting.  May  and  June,  1904,  of  the  American 
Society  of  Mechanical  Engineers,  and  forming  part  of  Yolume  XXV.  of  the 
Transactions. 


06G 


THE   rOWER  PLANT   OF   THE   TALL   OFFICE   BUILDING. 


Flu.  '.A'.j.—iiin-:  oi    Biioad  Kxchangk  Building  on  Aug.  11,  lUOO,  just  befork 

Stei:l  Work  was  Commenced. 

Thla  baildiog,  containing'  lO.UX)  tons  of  gtriictural  pteel  work,  over  7.000.000  brick  and  amounting  to 
over  7,000,000  cu.  ft.  in  contents,  was  ready  for  tenants  prior  to  May  1,  1901. 
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Fig.  344.— Beoad  Exchange  Building,  New  York  City. 
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is  concerned,  is  the  province  of  the  engineer  of  construction, 
whose  position  is  like  that  of  the  bridge  engineer.  The  problems 
to  be  solved  are  sometimes  very  hard  and  require  large  experi- 
ence to  handle. 

7.  As  an  example,  the  foundations  of  a  portion  of  the  build- 
ings of  Tlie  Mutual  Life  Insurance  Company  of  I^ew  York,  in 
Xew  York  City,  were  carried  down  to  bed  rock  by  means  of 
caissons,  and  the  footings  in  some  cases  are  over  100  feet  below 
the  curb.  The  walls  of  adjoining  buildings  were  carried  to  rock, 
and  tlie  entire  site  was  enclosed  by  a  concrete  wall  eight  feet  in 
thickness.  The  floor  of  the  boiler  and  pump-room  is  thirty  feet 
below  mean  high  tide  level  and  fifty  feet  below  the  curb  on  Cedar 
Street.  The  seapage,  which  has  to  be  pmnped  out  of  a  cesspool 
located  in  the  boiler-room,  amounts  to  less  than  one  thousand 
gallons  a  day. 

8.  A  building  known  as  the  AVall  Street  Exchange  was 
recently  erected  in  Xew  ITork  City.  This  building  is  about  one 
hundred  feet  square,  twenty-five  stories  or  three  hundred  and 
twenty  feet  in  height  above  the  curb,  and  two  stories  or  twenty- 
three  feet  in  depth  below  curb  level.  The  foundations  for  this 
building  are  somcAvhat  similar  to  those  of  The  Mutual  Life  Build- 
ing. The  grillage  footings  were  set  on  the  foundations  in  De- 
cember, 1902,  the  erection  of  the  superstructure  w^as  commenced 
in  January  and  completed  from  curb  level  to  roof  in  seven  weeks. 
The  brick  walls  were  started  in  the  cellar  in  January,  and  com- 
pleted on  March  19,  1903.  The  building  was  ready  for  tenants 
and  partly  occupied  on  May  1,  1903. 

9.  These  are  simply  instances  of  the  problem  that  confronts 
the  engineer,  and  it  is  his  duty  to  lay  out  the  work  from  a  broad 
standpoint  so  as  to  obtain  the  best  general  results. 

10.  There  are  may  factors  entering  into  the  design.  Wind 
pressure  affects  column  and  girder  sections;  floor  loads  are  v^ari- 
able,  depending  on  the  use  the  building  is  to  be  put  to,  and 
throughout  the  entire  design,  economy  and  rapidity  of  construc- 
tion must  be  considered. 

Elevators. 

11.  Hitherto,  electric  elevators  have  been  but  little  used  in 
tall  buildings  over  fifteen  stories  in  height  on  account  of  the 
design  not  being  niitable  to  high  speed.     When  the  speed  ex- 
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Fig.  845. — Method  of  Supporting  Columns  in  Side  Walls  (Cantilever  for 
Two  Columns),  18-story  Atlantic  Mutual  Building,  New  YcJek  City. 
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coeds  tliroo  hundred  and  fifty  feet  per  minute,  as  it  necessarily 
must  in  the  higher  buiklings,  hydraulic  elevators  running  as  fast 
as  six  hundred  feet  per  minute  are  preferable.  Modern  plants 
are  installed  with  either  triple  expansion  or  fly  wheel  pumps,  and 
one  or  more  compound  pumps  in  reserve.  There  are,  however, 
no  absolute  rules  that  govern,  as  each  case  must  be  handled  inde- 
pendently, the  conditions  carefully  studied  and  experience  is  the 
chief  guide.  Tests  are  made,  of  course,  before  the  building  is 
tiually  accepted  from  the  contractors,  but  these  tests  seldom  tell 
anything  final  beyond  that  the  plant  is  as  designed  and  that  it 
will  do  the  work  economicallv. 

1:2.  Each  elevator  is  usually  designed  to  carry  safely  2,500 
pounds  exclusive  of  the  w^eight  of  the  car,  and  one  car  is  arranged 
to  carry  safes  usually  weighing  not  more  than  four  tons  at  a 
slow  speed.  This  car  should  have  specially  designed  pawling 
devices  to  hold  the  car  in  place  at  any  floor.  Vertical  cylinders 
for  hydraulic  elevators  are  usually  preferable  to  horizontal  cyl- 
inders on  account  of  having  shorter  cables.  Cold  rolled  steel 
guides  are  better  than  planed,  and  in  fact  any  device  that  gives 
smooth  service  is  desirable. 

13.  It  is  a  safe  general  proposition  when  a  w^ell  designed 
mechanical  plant  is  installed  to  say  that  it  costs  less  to  operate 
an  electric  elevator  than  it  does  an  hydraulic  machine.  Com- 
pound pumps  generally  require  seventy  pounds  of  steam  per 
Avater  horse-power  hour,  triple  expansion  pumps  about  thirty-six 
pounds  and  fly  wdieel  pumps  slightly  less. 

14.  High-speed,,  single-cylinder  engines  are  guaranteed  at 
thirty-six  pounds  of  steam  per  horse-power  hour,  compound 
engine  twenty-six  pounds,  and  steam-jacketed,  four-valve,  com- 
pound engines  twenty  pounds.  An  average  of  six  and  one-half 
water  horse-power  per  car  mile  per  hour  is  required  for  hydraulic 
elevators,  and  for  electric  elevators  an  average  of  three  and  one- 
half  kilowatt  hours. 

15.  From  this  data  it  is  easy  to  calculate  the  coal  and  water 
consumption,  but  of  course  there  are  many  other  items  to  take 
into  account,  and  experience  alone  teaches  the  trained  engineer 
just  Avhat  these  items  are  . 

IG.  In  many  installations  economical  operation  would  be  con- 
siderably increased  by  the  use  of  a  storage  battery,  in  which  case 
tlie  enffine  load  can  be  kept  constantly  at  its  full  load  rating, 
which  is  its  most  economical  producing  point.     Under  these  con- 
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ditions  the  batterv  should  be  installed  and  connected  in  such  a 
manner  as  to  consume  all  the  excess  current,  taking  the  peaks 
of  the  elevator  load  requirements. 

17.  A  double  pressure  tank  system  may  be  installed.  The 
usual  practice  is  to  carry  low  pressure  in  the  tanks  running  from 
one  hundred  and  fifty  to  one  hundred  and  seventy-five  pounds 
for  low  pressure  systems  when  the  cars  are  few  in  number  and 
centralized^  and  from  seven  liundred  and  fifty  to  eight  hundred 
pounds  when  the  plant  is  very  large  and  scattered.  A  double 
pressure  system  w^ould  be  very  much  more  economical  to  operate, 
the  low  pressure  tank  operating  under  light  service  conditions  at 
a  pressure  of  from  one  liundred  to  one  hundred  and  twenty-five 
pounds,  and  the  high  pressure  tank  under  high  service  conditions 
at  a  pressure  of  from  one  hundred  and  seventy-five  to  two  hun- 
dred pounds,  an  elastic  system  adapting  itself  to  the  work  to  be 
done. 

18.  There  is  a  great  deal  of  controversy  as  to  the  number  of 
elevators  to  be  installed.  It  depends  absolutely  on  the  class  of 
building,  and  the  nature  of  the  business  transacted  therein  and 
its  location.  Some  engineers  have  compiled  tables  laying  down 
specific  floor  areas  to  be  served  per  elevator,  but  these  rules  do 
not  always  apply.  The  writer  knows  of  one  building  having 
one  elevator  per  eight  thousand  square  feet  of  floor  area  which 
is  under-elevatored,  and  of  another  close  by,  with  an  elevator  to 
each  sixteen  thousand  square  feet  of  floor  area  which  would  have 
efficient  service  with  fewer  elevators. 

19.  Then,  again,  here  is  a  list  of  buildings  in  most  cases  satis- 
factorily served  which  differ  entirely  from  the  above. 

20.  These  buildings  are  all  in  the  downtown  business  district 
of  the  city  of  Xew  York,  and  are  used  as  offices. 


BriLDINO. 

stories. 

Style. 

Number  of 
Cars. 

Gross  Sq.  Ft. 
of  Floor  Area. 

TIroad  Exchang'e 

20 
25 
16 
19 
25 
12 
15 

Hydraulic 

Electric 

Hydraulic 

Hydraulic 

Hydraulic 

Electric 

Klectric 

Hydraulic 

18 
10 

7 
10 
4 
4 
8 

25,860 

Park  liow 

31,500 

American  Exchan^'C  Bank. . 
Bank  of  Comnifrei* 

24,000 
24,600 

Wall  Street  P2xchange 

liisliop 

I^-aver 

Sixty  Wall  Street 

22,500 
24.000 
21,000 
21,500 
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Fig.  3i7.— Sa^me  as  Fig.  4,  showing  Columns  Above. 
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The  Steam  Plant. 

21.  This  is  a  very  large  topic  that  cannot  possibly  be  covered 
within  the  scope  of  this  paper.  The  proper  design  of  the  steam 
pLant  is  a  matter  of  the  utmost  importance  as  on  it  depends  most 
of  the  economies  of  the  tall  buildings.  It  may  be  divided  into 
two  parts,  the  boiler  plant  with  its  accessories,  including  the 
power  piping,  and  the  heating  and  ventilating  systems.  These 
have  all  been  fully  described  in  books  and  papers  written  by 
most  competent,  experienced  engineers,  and  in  practice  they 
agree  generally.  In  designing  the  boiler  plant  it  is  customary 
to  allow  about  50  per  cent,  reserve  over  the  estimated  peak  loads. 
A  modern  boiler  plant  is  usually  equipped  with  such  require- 
ments as  \vill  produce  economy.  Superheaters  of  sufficient 
capacity  to  allow"  the  steam  produced  by  the  boilers  to  receive  a 
superheat  of  from  75  degrees  to  100  degrees  Fahr.  have  been 
used  with  excellent  results,  and,  as  a  matter  of  course,  all  pres- 
sure piping  and  valving  should  be  designed  accordingly.  Much 
difficulty  has  been  experienced  in  pressure  piping  by  the  use  of 
the  ordinary  flanged  joint  with  copper  gaskets,  but  the  writer 
has  had  very  satisfactory  results  with  Van  Stone  joints,  or  joints 
somewhat  similar  in  design,  for  piping  exceeding  5  inches  in 
diameter. 

22.  To  avoid  vibration  in  the  building  the  steam  and  exhaust 
piping  has  to  be  very  carefully  installed,  and  is  usually  supported 
from  the  floor  of  the  engine-room.  The  exhaust  is  carried  above 
the  roof  and  capped  with  a  condenser  head.  This  exhaust  is 
connected  into  the  heating  system  and  also  through  the  feed 
water  heater.  All  drips  are  carried  back  to  a  drip  tank  and 
pumped  back  to  the  boiler  with  all  returns  through  feed  water 
filters.  The  equipment  consists  of  the  boilers,  feed  water  heat- 
ers and  pumps,  filters,  blow-off  and  drip  tanks,  house  and  fire 
pumps,  back  pressure  and  reducing  pressure  valves,  hot  water 
meters,  recording  pressure  gauges,  condensing  and  cooling  coils, 
expansion  and  muffler  tank,  separators,  pump  governors,  power, 
exhaust,  heating  and  drip  piping,  engines  and  oiling  systems, 
dynamos,  ventilating,  refrigerating,  vacuum  cleaning,  electric 
wiring,  switch  board,  motors,  plumbing  and  water  supply,  and  a 
multitude  of  appurtenances,  all  of  which  have  to  be  carefully 
designed  and  placed  according  to  the  requirements  of  the  build- 
ing and  space  to  be  occupied. 
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23.  In  estimating  and  proportioning  heating  surface  the 
method  commonly  used  is  that  prescribed  by  law  by  the  German 
Government  in  the  design  of  heating  plants  in  its  public  build- 
ings, and  is  based  on  the  loss  in  heat  units  per  square  foot  of 
exposed  surface  transmitting  heat  to  the  outside  air  or  buildings, 
as  the  case  mav  be.  On  account  of  leaka<re  it  is  also  assumed 
that  the  air  in  the  various  rooms  that  are  heated  is  chano^ed  once 
an  hour,  and  that,  therefore,  a  certain  amount  of  heating  surface 
is  required  to  warm  the  air.  Under  certain  conditions  of  loca- 
tion and  exposure,  and  whether  the  building  is  to  be  heated  con- 
tinuously or  intermittently^  it  is  necessary  to  increase  these 
estimates.  In  making  the  various  increases  the  judgment  and 
experience  of  the  designing  engineer  must  be  used.  In  design- 
ing the  mains  and  risers  supplying  steam  to  the  radiators  the 
sizes  of  pipes  are  determined  by  the  amount  of  condensation  of 
the  radiating  surfaces  and  the  velocity  of  the  steam  flowing 
through  the  pipes.  In  mains  this  velocity  is  assumed  to  be  from 
60  to  SO  feet  per  second,  and  in  risers  from  25  to  50  feet  per 
second. 

24.  The  mains  and  risers  are  either  a  two  pipe  system  or  a  one 
pipe  overhead  system,  depending  somewhat  upon  circumstances. 
Both  systems  have  their  advocates,  but  either,  if  properly  de- 
signed, gives  satisfactory  results.  An  exhausting  apparatus  is 
often  used  in  connection  with  the  air  lines,  and  the  system  is  then 
run  nearly  at  atmospheric  pressure,  thereby  relieving  the  engines 
from  back-pressure,  a  source  of  economy.  It  is  a  mistake,  how- 
ever, to  reduce  the  size  of  the  risers  where  it  is  intended  to  install 
this  apparatus,  for  the  heating  system  should  be  designed  to  work 
under  gravity  in  case  of  the  breakdown  of  the  exhauster.  There 
are  several  other  devices  of  a  similar  sort  often  used,  but  the 
writer's  experience  with  the  straight-out  gravity  system  has  been 
most  satisfactory.  The  other  devices  can  be  added,  but  the 
system  will  always  work. 

25.  The  artificial  heating  of  a  building  is  a  problem  which 
usually  causes  much  thought  and  perplexity,  and  the  solution 
is  often  very  far  from  giving  satisfaction.  It  seems  to  be  simple 
enough  in  theory,  but  there  are  so  many  varying  influences  in 
practice  to  be  guarded  against  that,  however  well  arranged,  no 
plans  seem  exactly  to  meet  the  conditions  at  all  times.  It  is 
usually  agreed  in  contracts  for  heating  that  the  heating  plant 
shall  be  capable  of  keeping  the  several  apartments  at  a  tempera- 
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tiire  of  70  degrees  when  tlic  tliermometer  in  the  open  air  stands 
from  zero  to  10  degrees  below.  The  apparatus,  therefore,  that 
fulfills  this  condition  will  be  apt  to  overheat  the  rooms  when  the 
outside  temperature  is  above  the  maximum,  compelling  the  occu- 
pants to  give  strict  and  almost  constant  attention  to  the  shutting 
off  of  the  heat  sources.  jMan  is  fallible,  and  often  negligent;  Ij 
nerves  and  senses  are  slow  to  feel  gradual  changes  in  temperature 
until  a  degree  is  reached  that  is  far  from  normal;  consequently, 
rooms  regulated  by  human  hand  are  usually  too  hot  or  too  cold, 
and  often  have  sudden  variations  of  from  5  to  10  degrees. 

26.  A  cold  wind  will  often  make  it  extremely  difficult  to  get 
one  side  of  the  building  warm,  while  the  others  suffer  from  an  . 
excessive  heat.  Frequent  and  sudden  variations  in  temperature, 
excessive  heat  alternating  with  chilling  cold,  are  unhealthful  and 
debilitating,  and  it  is  a  well-known  fact  that  a  great  deal  of  sick- 
ness is  directly  due  to  inefficient  or  absolute  absence  of  control 
of  the  supply  of  artificial  heat.  In  order  to  prevent  such  exces- 
sive variations,  preserve  a  uniform  temperature,  to  distribute  the 
heat  where  and  as  it  is  wanted,  and  economize  fuel  by  preventing 
waste  of  heat,  heat  regulation  is  often  employed,  and  to  get  proper 
results,  the  temperature  of  each  room  in  the  building  is  controlled 
independently  of  the  others. 

27.  Such  a  system  will  insure  a  uniform  and  reasonable  tem- 
perature at  all  times,  never  varying  over  one  or  two  degrees,  re- 
gardless of  the  variations  of  outside  temperature  and  without  any 
thought  or  attention  whatever  from  the  occupants,  thereby  de- 
creasing the  care  and  trouble  incident  to  heating  plants,  entirely 
removing  the  necessity  of  opening  or  closing  steam  valves  or 
registers,  and  promoting  health  and  comfort.  By  a  simple  device 
the  degree  at  which  regulation  occurs  can  be  varied,  so  that  dif- 
ferent rooms  can  be  kept  at  different  temperatures  or  changed  as 
frequently  as  desired.  By  the  same  system,  where  air  for  ventil- 
ating purposes  is  supplied  by  a  fan  system,  this  air  can  be  kept 
uniform  and  at  any  temperature  desired. 

28.  There  seems  to  be  a  general  complaint  that  office  buildings 
are,  as  a  rule,  too  hot  for  the  personal  comfort  of  the  occupants, 
and  the  reason  is  simply  that  on  account  of  the  necessity  of  having 
to  supply  radiators  large  enough  to  meet  the  maximum  require- 
ments, and  the  inattention  that  is  usually  given  to  such  radiators, 
it  is  only  natural  that  such  results  should  follow,  because  the 
occupants  are  usually  busy  with  their  regular  duties,  and  the  at- 
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tention  is  not  called  to  the  overheating  of  the  rooms  until  the 
temperature  has  reached  a  most  uncomfortable  point.  Then  the 
heat  is  shut  off  and  the  reverse  takes  place  for  the  same  reasons. 
It  is  usually  customary  to  open  the  mndows  in  order  to  reduce 
the  heat,  and  perhaps  to  a  certain  extent  to  regulate  it  by  admit- 
ting cooler  air  from  the  outside.  This,  of  course,  results  in 
drauglits,  which  are  not  only  disagreeable  but  dangerous  to  health. 
It  is  no  unconmion  sight  in  moderate  weather  to  observe  that  a 
very  large  per  cent,  of  the  windows  in  office  buildings  are  opened 
in  the  attempt  to  overcome  the  disagreeable  condition  incident 
to  the  heating  plant,  thus  demonstrating  the  necessity  of  some 
method  of  regulating  the  temperature. 

29.  It  is  an  almost  self-evident  proposition  in  the  case  of  tall 
buildings  that,  where  the  heat  sources  are  controlled  by  a  thermo- 
static system,  at  least  50  per  cent,  of  the  offices  will  have  their 
heat  shut  off  most  of  the  time,  which  is  proof  that  a  reduction  or 
saving  of  that  amount  of  heat  will  be  effected.  As  it  is  usually 
customary  to  heat  such  buildings  with  the  exhaust  steam  from  the 
engines  used  for  the  electric  or  elevator  plants,  little  actual  saving 
in  the  cost  of  heat  can  be  effected.  This,  however,  would  be 
quite  an  item  if  the  steam  was  generated  directly  for  heating 
purposes.  The  amount  of  saving  in  the  cost  of  heating  perhaps 
should  not  be  considered  as  important  as  the  health  and  comfort 
of  persons  renting  the  various  offices,  and  for  whose  comfort  the 
owners  of  buildings  usually  furnish  such  modern  improvements 
as  will  render  them  desirable  for  occupancy  and  keep  them  fully 
occupied. 

30.  Artificial  ventilation  by  means  of  :^ans  electrically  driven 
is  often  used  on  the  lower  stories.  One  tall  building  recently 
erected  in  Xew  York  has  every  room  heated  and  ventilated  by 
means  of  an  indirect  system  operated  by  fans.  This  is  an  extraor- 
dinary case,  however;  it  is  usually  impracticable  on  account  of  the 
cost  of  installation  and  the  amount  of  room  taken  up  by  the  fans, 
heaters  and  ducts.  In  the  Xew  York  Stock  Exchange  the  air  is 
warmed  in  winter,  and  by  means  of  an  immense  refrigerating 
plant  cooled  in  summer.  These  are  all  special  methods,  however, 
and  the  great  bulk  of  the  heating  is  done  by  the  direct  method; 
that  is,  radiators  under  windows  in  the  rooms. 

31.  In  many  buildings  there  are  refrigerating  plants  installed 
both  for  cooling  the  drinking  water  and  for  making  ice  which  is 
sold  to  the  tenants. 
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Fig.  352. — Asn  IIoisT  from:  Cellau  to  Sidew.vlk,  Mutual  Life  Insurance 
Co.     Operated  by  10-H.P.  Electric  Motor. 


Tn()         THE  rowER  plant  of  the  tall  office  building. 

32.  Cleaning  systems  have  recently  come  into  use,  and  have 
given  much  satisfaction.  These  are  air  systems  operating  either 
imder  vacuum  or  compression. 


Tlie  Electric  Plant  and  Wiring. 

33.  The  engineer  who  is  at  the  head  of  this  department  has  his 
work  cut  out  for  him.  It  is  the  most  complex  and  difficult  por- 
tion of  the  design  and  requires  a  large  amount  of  technical  educa- 
tion and  experience.  Practice  changes  continually,  and  the 
science  has  advanced  so  rapidly  that  an  up-to-date  electrical 
engineer  has  to  give  more  time  to  his  profession  than  does  the 
engineer  in  any  other  department.  In  laying  this  portion  of  the 
work  before  you  the  writer  will  take  a  specific  case  which  will 
illustrate  the  method  of  design.  Let  it  be  understood,  however, 
that  the  figures  used  are  an  average,  and  that  they  are  the  results 
of  tests  and  records  made  in  perhaps  fifty  of  the  tall  buildings  in 
Xew  York  City.  The  building  in  question  is  designed  for  bank- 
ing rooms  on  the  first  and  second  floors  and  above  offices.  Three 
boilers  of  350  horse  power  each  are  located  in  the  cellar  and  the 
plant  in  the  basement.  The  electric  portion  of  this  plant  consists 
of  two  125  kilowatts,  one  100  kilowatts  and  one  50  kilowatts  gen- 
erators, two  fan  motors  of  15  horse  power  each,  and  engine  plant 
of  sufficient  horse  power  to  operate  the  entire  electrical  installa- 
tion. These  engines  will  be  of  the  four-valve  tandem  compound 
type  and  the  dynamos  direct  current,  120-volt  machines.  The 
total  floor  area  to  be  lighted  is  196,700  square  feet,  and  taking 
the  average  rate  at  one  light  for  each  37  square  feet  of  floor  area, 
the  number  of  lights  as  laid  out  on  the  plans  is  5,316  plus  250 
lights  allowed  for  decorative  effect  in  banking  rooms,  the  total 
number  of  lights  to  be  wired  for  is  5,566.  Lamps  are  guaranteed 
at  50  Watts  per  16  candle  power,  but  this  is  when  they  are  new; 
we,  therefore,  assume  an  average  of  55  Watts;  this,  therefore, 
means  that  with  all  the  lights  burning  the  total  output  would  be 
306  kilowatts.  From  experience  we  find  the  average  working 
loads  to  be  as  follows: 
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Absolute  ]>oiilv  load 

Averai::e  peak  and  ruuiiing:  load  for  dark  days. 
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Average  day  load  for  8  months 

Averajre  day  load  for  (5  months 

Avorage  low  load  for  V2  months 
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34.  In  addition  to  tlie  above  there  is  usually  an  increase  of 
10  per  cent,  over  the  above  running  loads  on  account  of  the 
desires  of  tenants.  Under  ordinary  conditions  it  is  customary  to 
allow  l.G  horse-power  in  engine  for  each  kilowatt  output  of  the 
generator  and  1.8  horse-power  in  boilers  for  each  kilowatt  in  gen- 
erators. Therefore,  in  practice  we  select  the  following  main 
plant,  which  is  elastic  in  its  working  and  will  take  care  of  the  fol- 
lowing conditions: 

(1)  Maximum  load  70  per  cent,  of  the  total  connected  load 
plus  10  per  cent. — 257  kilowatts. 

(2)  Average  load  30  per  cent,  of  the  total  connected  load  plus 
10  per  cent. — 123  kilowatts. 

35.  To  operate,  therefore,  under  these  conditions,  we  have 
selected  the  following  plant: 

Two  generators  of  125  kilowatts  capacity  each,  either  of  which 
will  carry  the  average  peak  running  load,  or  both  connected  in 
multiple  will  carry  the  absolute  peak  loads  which  are  on  for  short 
isolated  periods  only. 

One  generator  of  100  klowatts  capactiy  to  carry  early  running 
and  low  average  loads  for  12  months,  and 

One  generator  of  50  kilowatts  capacity  as  an  auxiliary  unit  for 
nights,  holidays,  Sundays  and  odd  times. 

36.  Xot  only  will  this  plant  fulfil  these  conditions,  but  by 
moans  of  the  various  combinations  which  may  be  made,  condi- 
tions between  these  averages  may  be  satisfied  economically. 

37.  The  cost  of  operating  this  electric  plant  may  be  estimated 
from  the  table  below,  allowing  in  addition  thereto  for  motor  oper- 
ation 304  days  at  10  liours  per  day  and  20  kilowatts  per  hour, 
amounting  to  60,800  kilowatts  hours  per  year. 
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Total  dav  load  i>or  yoar 292,850 

AveraiTo  iiiglit   loads  at  5  p.  c.  or  16  K.  W.,  365  nights,  12  hours  per 

niirht  per  year 70,080 

Averaire  Sunday  and  holiday  loads  at  10  K.  W.  01  days,  12  hours  per  day 

l)er  year  . .  . '. .* \       7,320 

Motor  K.  \V.  hours  per  year 60,800 

Grand  total  K.  W.  hours 431,050 

38.  Assuming,  therefore^  the  total  output  of  the  machines 
through  the  husbars  of  the  switchboard  to  be  431.050  klowatts 
hours  per  year,  the  engines  would  generate 

Ij;  X  431.():)0=.(J81),680  horse-power  hours, 
and  the  boilers  Avould  generate 

1.8  X  431.050  =:  775,890  horse-power  hours, 

39.  Assuming  an  engine  guarantee  of  24  pounds  of  steam  per 
horse-power  per  hour  and  a  direct  evaporation  of  8  pounds  per 
pound  of  coal,  tlien  the  total  coal  consumption  will  be  1,1  G4  tons, 
and  the  water  C(Uisuniption  297,942  cubic  feet.  It  is  safe  to 
assume  that  only  50  per  cent,  of  this  water  is  wasted  and  that  the 
remainder  is  returned  to  the  boilers. 

40.  Taking  the  cost  of  a  good  grade  of  coal  at  $3.75  per  ton, 
water  at  10  cents  per  100  cubic  feet,  oil  and  waste  at  $400,  inter- 
est and  depreciation  of  $3,000,  ash  removal  at  $218.25,  5  per  cent. 
of  the  cost  of  the  coal,  and  charging  one-half  the  cost  of  the  force 
in  the  fire  and  engine  rooms  to  this  account  or  $2,500  would 
make  the  total  cost  of  operating  the  electric  plant  $10,632,  or 
approximately  2^  cents  per  kilowatt  hour. 

41.  All  of  the  data  herein  contained  are  from  actual  practice 
and  do  not  wholly  agree  with  theory,  but  as  we  have  before 
stated,  there  are  so  many  elements  entering  into  the  problem 
that  sooner  than  base  everything  on  pure  theory  we  necessarily 
let  the  results  of  practice  govern.  In  the  design  and  construc- 
tion of  dynamos  the  trade  seems  to  agree,  but  there  is  the  great 
diversity  of  practice  among  high-speed  engine  builders.  One 
will  use  a  1,200  pound  fly-wheel  on  an  85  horse-power  engine, 
and  another  calls  for  2,000  pounds.  Sizes  of  shafts,  lengths  of 
bearings,  and  in  fact  nearly  all  parts  vary  so  materially  that  one 
wonders  why  there  is  not  some  absolute  rule  adopted  by  them. 
The  designs  are  so  similar  that  there  is  no  reason  for  the  great 
dissimilarity  in  sizes,  unless  it  can  be  a  commercial  reason. 

42.  We  have  not  attempted  to  more  than  touch  upon  the  fact 
that  there  must  necessarily  be  fire  equipment,  and  well  designed 
.ystoms  of  water  supply  in  tall  buildings,  and  that  large  pumping 
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plants  are  also  an  essential  part  of  the  equipment.  Reservoirs 
are  established  both  in  the  cellar  and  on  the  roof,  connections 
made  on  all  floors,  and  in  case  of  fire  with  Siamese  or  twin  con- 
nections with  the  street.  Water  pressure  must  be  reduced  in 
sections  by  means  of  reducing  pressure  valves  and  great  care 
exercised  to  avoid  leaks,  undue  strains  or  water-hammer  in  the 
pipes.  In  addition,  the  building  is  equipped  with  interior  tele- 
phone, ticker,  messenger  and  bell  wiring,  mail  chutes,  ventilating 
screens,  and  in  fact  innumerable  devices  for  comfort  and  con- 
venience that  aid  to  rent  it.  The  very  best  of  talent  is  studying 
every  day  to  improve,  and  it  is  the  aim  of  the  designer  to  make 
each  building  superior  to  its  predecessor,  until  it  seems  as  though 
now  we  must  have  reached  the  very  acme  of  success,  and  to-day 
the  wonder  of  the  world  is  the  American  Tall  Building.  It  is 
safely  constructed,  comfortable  and  sanitary,  a  model  in  every 
respect  and  a  monument  to  the  American  Architect  and  Engineer. 
43.  Great  minds  and  many  are  studying  the  question  under 
discussion.  Much  credit  is  due  to  the  American  Engineer  and  to 
the  inventor  for  his  work.  The  field  is  large;  there  is  still  much 
to  be  done,  but  we  may  safely  leave  this  to  those  who  are  now 
making  the  subject  a  specialty.  More  and  more  engineers  are 
entering  this  field,  and  the  demand  for  their  services  becomes 
greater  as  time  goes  on.  Contractors  recognize  the  value  of 
their  services  on  the  work,  and  it  is  needless  to  say  that  as  in  all 
other  great  works,  the  services  of  the  engineer  is  a  large  factor  in 
a  successful  undertaking.  By  no  one  is  he  more  appreciated 
than  by  the  architect  w^hom  he  w^orks  in  conjunction  with;  who 
creates  the  idea  and  leaves  to  him  the  large  question  of  structural 
and  mechanical  design. 

DISCUSSION. 

J/r.  WilUam  II.  Bryan. — Mr.  AVells  presents  much  interesting 
and  valuable  data.  Taking  up  his  design  of  plant  (paragraphs 
33,  34  and  35),  I  have  followed  a  different  plan  in  my  own  prac- 
tice. Eor  a  maximum  load  of  257  kilowatts,  I  should  install 
three  100  kilowatt  units  instead  of  two  125,  one  100,  and  one  50. 
Such  peaks  continue  but  a  short  period,  and  modern  units  are 
designed  to  carry  overloads  of  i  to  4.  I  wo  units  would,  there- 
fore, take  care  of  the  peak,  leaving  the  third  in  rosorv(\  The 
resulting  plant  would  be  much  simpler,  cheaper  to  install  and  to 
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operate  all  units  and  their  repair  parts  would  be  interchangeable, 
the  floor  plan  would  be  better,  the  plant  would  occupy  less  space, 
while  the  reserve  capacity  would  bo  ample  to  meet  all  require- 
ments. If  extreme  economy  in  first  cost  is  necessary  only  one 
engine  need  be  compound.  The  others  being  reserve  engines, 
used  only  occasionally,  could  be  simple. 

It  is  true  that  the  four  units  proposed  could,  theoretically,  be 
adapted  to  varying  loads  with  greater  fuel  economy.  In  practice, 
however,  operating  engineers  will  not  change  their  units  over  for 
small  changes  of  load,  and  they  prefer,  furthermore,  to  ahvays 
have  a  surplus  of  power  in  motion  to  take  care  of  a  possible  sudden 
increase  of  load. 

The  table  in  paragraph  33  is  not  altogether  clear,  particularly 
the  third  and  fourth  lines.  The  attempt  to  predict  the  hours  and 
amount  of  load  is  laudable;  but,  in  my  judgment,  largely  futile. 
Xo  two  buildings  are  alike.  Everything  depends  upon  the  build- 
ing, its  construction,  natural  light,  and  the  business  carried  on 
by  the  occupants.  ^Ir.  Wells'  units  suit  his  assumed  loads,  but 
Avonld  probably  meet  the  actual  requirements  of  any  particular 
building  no  better  than  mine.  Furthermore,  some  economy  is 
always  possible  by  varying  the  steam  pressure  to  suit  the  actual 
loads. 

!Mr.  Wells  gives  no  rules  for  computing  boiler  power,  but  his 
ratio  of  1.8  boiler  horse-power  per  kilow^att  of  dynamo  load  seems 
higher  than  necessary.  Accepting  his  engine  w^ater  rate  of  21 
pounds  per  indicated  horse-pow-er  hour  (paragraph  39),  the  stand- 
ard boiler  unit  of  30  pounds  of  Avater  from  feed  of  100  degrees 
Fahr.  into  steam  of  70  pounds  gauge  pressure,  appears  more 
than  ample  and  would  take  care  of  all  auxiliaries  and  condensa- 
tion Icsses.  I  shonld  consider  a  ratio  of  1.5  boiler  horse-power  per 
kilowatt  sufticient.  On  this  basis  the  peak  load  of  257  kilowatt 
would  demand  385  ratetl  boiler  horse-power.  The  modern  boiler 
is  designed  to  be  overworked  from  -J  to  ^-  continuously  during 
peak  loads,  so  tliat  the  above  capacity  could  easily  be  generated 
with  boilers  of  2S1)  horse-power  rated  capacity.  I  should  design 
for  such  a  plant  three  boilers  of  150  rated  horse-power  each,  two 
to  do  the  maximum  work  aixl  one  for  reserve.  This  computation 
does  not,  of  course,  take  into  acconnt  tlie  steam  that  might  be 
needed  for  other  power  ])nrposes,  such  as  elevators,  pumps,  or  for 
heating,  wliich  are,  of  course,  important  elements  in  any  specific 
problem. 
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The  two  pipe  system  of  steam  heating  has  long  been  obsolete 
in  the  west.  Buildings  nnder  about  eight  stories  high  are  usually 
supplied  from  basement  mains,  the  returns  coming  down  the 
supply  risei*s.  In  taller  buildings  a  steam  supply  line  rises  to  the 
attic,  which  is  then  traversed  by  a  supply  main  serving  the 
descending  risers,  which  carry  both  steam  and  returns.  First 
floor  radiators  are  sometimes  supplied  from  the  basement  main, 
and  sometimes  by  an  independent  basement  main.  Western  achi- 
tects  have  been  educated  up  to  the  supplying  of  suitable  attic 
space  for  this  and  other  necessary  purposes. 

The  relations  between  the  architect  and  engineer  in  the  design 
and  construction  of  modern  buildings  are  worthy  of  more  con- 
sideration than  they  have  thus  far  received.  Such  structures  are 
quite  as  much  problems  in  engineering  as  they  are  in  the  archi- 
tecture, and  the  engineer  should  insist  upon  proper  recognition  of 
his  duties  and  responsibilities.  It  is  to  be  hoped  that  this  So- 
ciety, and  the  others  interested  in  the  new  Union  Engineering 
building  in  Xew  York,  will  insist  upon  proper  recognition  of  the 
standing  and  dignity  of  the  engineer.  The  precedent  thus  estab- 
lished mil  be  potent  and  far-reaching. 

Mr.  George  17.  CoUes. — The  same  objection  lies  against  the 
titles  of  these  papers  as  raised  by  Professor  Bull  against  the 
steam-turbine  papers,  to  ^\dt,  that  they  do  not  refer  to  tall  office 
buildings  in  general,  as  they  purport  to  do,  but  only  to  those  in 
Xew  York  City;  consequently,  although  much  of  what  is  said  is 
equally  true  of  buildings  in  other  cities  and  is  valuable  to  their 
designers,  there  is  also  a  great  deal  which  does  not  apply  outside  of 
Xew  York.  For  example,  the  economical  limit  of  height  is  stated 
by  ^Ir.  Bolton  to  be  sixteen  stories;  this,  of  course,  applies  ex- 
clusively to  Xew  York,  and  then  only  to  the  down-towm  district 
and  at  the  present  time.  In  cities  outside  of  Xew  York  and  Chi- 
cago it  is  undoubtedly  much  less  than  sixteen  stories,  as  few  build- 
ings exist  of  that  height  in  other  cities,  and  those  that  do  exist 
reflect  rather  a  penchant  for  advertising  on  the  part  of  tlieir 
o\\Tiers  than  an  attempt  to  get  the  biggest  percentage  of  income 
on  the  investment.  Although  there  are  many  buildings  in  Xew 
York  higher  than  sixteen  stories,  it  seems  doubtful  whether  the 
income  from  the  floors  above  sixteen  stories  is  sufficient  to  pay 
for  the  cost  of  maintenance  and  flxed  charges.  It  would  have 
been  better  had  we  been  furnished  by  ^Ir.  Bolton  with  a  regular 
table  of  cost  of  maintenance  and  fixed  charges  of  each  added 
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storv  from  the  bottom  up,  which  would,  of  course,  apply  to  any 
city;  and  side  by  side  with  this,  the  income  derivable  from  each 
juKled  story  and  per  cent,  interest  on  investment  of  the  net  income, 
which  hotter  ligiircs,  of  course,  would  apply  only  to  I^ew  York, 
but  could  be  recalculated  for  any  other  city,  and  would  show 
us  exactly  where  the  economic  limit  lies  in  each  case.  But  this 
is  a  question  for  the  architect  rather  than  the  engineer. 

These  papers  are  unfortunately  very  fragmentary  in  their 
nature,  and  it  seems  unfortunate  that  the  authors  were  not 
allowed  more  space  in  which  to  fully  set  forth  their  material  on 
hand,  as  they  would  have  been  of  just  so  much  more  value  to 
those  who  have  occasion  to  design  plans  for  office  buildings.  Even 
as  it  is  they  contain  about  the  best  available  information  on  the 
subject  gathered  together  in  one  place,  and  we  should  be  very 
grateful  for  their  contribution. 

Refen-ing  to  foundations,  I  note  that  Mr.  Wells  states  in  this 
paper  (paragraph  7)  that  the  seepage  amounts  to  less  than  1,000 
gallons  a  day.  That  is  not  extraordinary;  in  fact  it  seems  quite 
low,  but  why  should  there  be  any  seepage  if  the  foundations  have 
been  well  waterproofed?  iNTothing  is  stated  as  to  the  water- 
proofing of  foundations,  and  those  shown  in  the  paper,  Figure  6, 
do  not  show  any  waterproofing.  I  \vould  like  to  ask  What  style  of 
waterproofing — i.e.,  asphalt,  or  tar-felt,  or  thick  cement-mortar, 
or  other — is  used  for  this  work,  and  whether  any  one  kind  has 
l)een  generally  adopted  to  the  exclusion  of  others. 

l^iping  should  be  separated  into  two  parts,  namely,  the  live- 
steam  and  exhaust-frteam  lines,  as  each  system  of  piping  seems  to 
be  substantially  independent  of  the  others. 

I  believe  ^Fr.  Wells  has  magnified  the  labors  of  the  electrical 
engineer  more  than  they  deserve.  There  is,  it  seems  to  me, 
scarcely  any  electrical  work  that  is  more  a  matter  of  routine  and 
which  present  fewer  problems.  There  is  here  no  question  as 
to  current  systems,  dynamo-types,  wiring  methods,  etc.,  as  these 
have  all  been  standardized  years  ago.  The  direct  current,  two  or 
three-wire,  110  or  220-volt  system,  which  was  the  first  that  ever 
came  into  use  conmiercially,  has  never  been  superseded  for  this 
class  of  work,  and,  so  far  as  we  can  see,  never  will  be.  There 
are  no  problems  of  alternating-current  or  high-tension  to  perplex 
the  engineer  or  increase  the  difficulty  and  necessity  of  precaution. 
The  interior-iron-conduit  system  for  wiring  is  now  the  only  one  for 
such  buildings  and  probably  is  as  good  as  it  ever  will  be.     The 
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same  is  true  of  lamps,  switclies,  and  appliances  generally.  In 
fact,  the  only  thing  in  this  line  that  the  engineer  needs  keep  up 
with  in  the  way  of  novelty  are  the  continual  changes  in  the  under- 
writers rules  and  city  requirements,  and  some  of  the  new  dodges  in 
the  way  of  comfort  and  convenience. 

Mr.  George  I.  Bockwood. — Both  of  these  papers  are  very  much 
appreciated  by  myself.  I  have  but  two  points  to  raise  in  respect 
to  them:  one,  the  neglect  of  either  to  mention  the  late  and  rather 
sudden  rise  in  popular  estimation  of  the  plunger  type  of  elevator 
for  high  buildings ;  a  type  which  I  believe  is  destined  to  supersede 
the  electrical  and  the  hydraulic  cylinder  type  of  machines.  The 
motive  power  for  providing  the  pressure  water  is  of  course 
always  likely  to  be  derived  from  an  electrical  source; 
but,  owing  to  the  feeling  of  its  safety  experienced  by  every 
one  upon  seeing  the  shining  column  under  the  car,  connect- 
ing it  at  all  positions  mth  the  ground  beneath  it,  a  feeling 
which  wire  cables,  no  matter  how  many  are  provided,  can  never 
give  to  quite  the  same  satisfying  extent.  I  believe  in  the  plunger 
elevator  as  the  final  type.  I  might  say  that  within  the  past  year 
contracts  for  millions  of  dollars  worth  of  plunger  elevators  for 
use  in  high  hotel  and  office  buildings  and  stores  have  been  closed, 
completely  filling  up  the  manufacturing  capacity  of  the  two  rival 
makers  of  these  machines  for  years  to  come.  I  speak  of  these 
facts  because  I  believe  they  are  not  generally  known,  and,  as  I 
have  said,  are  not  mentioned  in  either  paper. 

The  other  point  to  which  I  would  call  attention  is  the  lack 
of  ventilation  in  office  buildings.  Both  owner  and  engineer  seem 
to  have  given  up  the  problem  of  efficient  ventilation  as  insoluble, 
and,  it  would  be  interesting  to- know,  why?  I  have  no  doubt  the 
real  reason  is  the  apparent  lack  of  general  demand  for  and  appre- 
ciation of  it  on  the  part  of  tenants.  It  is  well  known  also  to 
engineers  that  to  ventilate  takes  three  times  the  weight  of 
steam  required  merely  for  heating.  Reference  has  been  made 
in  the  papers  to  the  value  for  rental  purposes  of  the  floor  area 
taken  up  by  vertical  air  ducts  of  large  size;  a  value  which  prac- 
tically prohibits  the  use  of  such  ducts. 

The  problem,  however,  surely  must  soon  be  solved,  for  there 
is,  beneath  the  surface,  a  greater  ^'  kick '  against  foul-smelling 
offices  than  has  yet  made  itself  manifest  to  their  owners.  We 
cannot,  to  be  sure,  put  down  a  single  great  fan  in  the  sub-base- 
ment and  pump  air  into  each  office  by  a  system  of  ducts  all  con- 


710  THE   POWER   PLANT   OF   THE   TALL   OFFICE   BUILDING. 

nected  to  a  single  large  vertical  riser  eight  or  ten  feet  square  on 
the  ground  floor;  but  why  should  not  a  separate  complete  fan 
system  be  provided  on  each  floor?  I  do  not  see  any  objection  to 
that  method,  and  have  lately  adopted  it  in  the  case  of  a  group 
of  sixteen  hospital  buildings  ^^dth  a  central  station  for  generating 
electric  power  and  steam,  and  in  each  building  a  hot  blast  heater, 
a  supply  fan  and  an  exhauster.  Why  could  not  the  same  system  be 
put  up  overhead? 

There  is  one  other  matter — a  personal  issue — in  connection 
witli  ^fr.  AV ells'  paper  on  which  I  should  like  to  say  a  word. 
He  refers  to  the  so-called  Yan  Stone  pipe  joint.  This  joint  is  now 
a  standard  in  this  country  for  large  piping  under  heavy  pressure; 
and  inasmuch  as  I  invented  it  and  took  out  a  patent  on  it,  I  natu- 
rally would  like  to  see  that  name  abandoned. 

Mr.  XistJe. — While  I  have  given  greater  attention  perhaps 
to  the  paper  of  Mr.  Wells  than  to  that  of  Mr.  Bolton,  fortunately 
for  me  they  begin  at  about  the  same  point  as  far  as  the  mechan- 
ical engineer  is  concerned — namely,  the  elevator.  The  popular 
opinion  that  the  hydraulic  elevator  is  superior  to  the  electric  ele- 
vator for  tall  office  buildings  is  voiced  here,  and  yet  I  think  there 
is  good  reason  why  we  should  not  believe  always  what  the  people 
believe.  If  the  electric  elevators  of  to-day  are  not  suitable  in 
design  for  the  attainment  of  the  proper  speed,  the  elevators  of 
to-morrow  or  next  year  probably  will  be.  I  believe  the  real 
source  of  trouble  in  not  getting  electric  elevators  adapted  to  our 
use  in  tall  office  buildings  is  the  effect  on  the  speed  produced  by 
the  methods  of  control  that  we  now  have.  Here  in  Chicago  we 
do  get  very  good  results  out  of  the  electric  elevator,  and  we  get 
them  in  all  classes  of  buildings  regardless  of  height  or  dimensions. 

As  to  the  number  of  elevators  that  we  may  put  in  an  office 
building  to  get  the  best  results  out  of  it,  I  quite  agree  with  those 
who  look  for  a  formula.  It  is  not  necessary  to  depart  from  what 
has  been  denominated  horse-sense  in  this  matter  if  we  use  a  for- 
mula. We  are  not  compelled  to  tie  ourselves  down  to  it  any 
more  than  we  are  in  the  matter  of  steam  heating.  There  is  in- 
volved in  the  question  not  only  the  area,  but  the  speed  of  the  car; 
that  is,  its  running  speed,  the  length  of  time  it  takes  to  accelerate 
and  to  retard  and  the  intervals  desired  between  cars.  Now  I  have 
developed  a  little  formula  which  I  have  tried  with  pretty  good 
success  in  some  buildings  that  were  erected  before  I  came  to 
Chicago  and  where  weakness  was  found  in  the  elevators.     My 
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formula  is  simply  this:  basing  first  a  calculation  on  tlie  height 
of  the  building  and  the  speed  of  the  car,  and  the  desired  interval 
between  cars,  I  make  it  about  thus:  the  height  in  feet  divided  by 
the  speed  in  feet  per  minute,  multiplied  by  a  constant  which  I 
have  discovered  to  be  about  330,  divided  by  the  desired  interval 
in  seconds  between  cars.  Applying  this,  I  have  discovered  that 
somebody  has  been  trying  to  run  a  lot  of  good  elevators  on  a 
thirty-five  seconds  schedule  between  cars,  and  the  best  he  could 
do  with  the  number  at  his  disposal  and  the  speed  at  which  those 
could  run  varied  from  40  to  50  seconds.  They  tried  to  remedy 
the  trouble  by  putting  in  a  clock,  which  should  ring  a  bell  for 
the  proper  time  for  the  cars  to  start,  but  when  the  bell  rang 
every  35  seconds  the  men  went  on  at  the  old  rate  of  40  to  50; 
they  could  not  do  any  better  with  that  number  of  elevators  and 
running  at  that  speed.  Then,  in  recognition  of  the  very  impor- 
tant place  that  area  has  in  the  calculation,  I  found  that  its  vari- 
ance is  on  the  area  of  the  cars,  and  I  allow  one  square  foot  to 
about  500  square  feet  of  the  floor  area.  Then  to  get  the  number 
of  cars,  I  take  the  size  that  I  would  like  to  make  them  and  I  put 
a  maximum  of  40  square  feet  on  the  area  of  one  single  car  and 
a  minimum  of  20.  Taking  my  first  formula,  based  upon  the 
height  and  speed,  I  use  that  for  a  minimum,  and  it  gives  a  very 
small  number  of  cars,  and,  in  the  case  I  have  just  cited,  it  gave 
a  larger  number  than  were  actually  installed.  But  by  taking  that 
as  a  minimum,  beneath  which  we  dare  not  go,  and  then  using  the 
area  of  the  floor  as  a  basis  on  which  to  build  our  calculations 
further,  we  can  generally  get  just  exactly  the  right  number  of 
cars  to  serve  that  building  to  the  best  advantage. 

In  the  matter  of  the  steam  plant  I  have  very  little  to  say.  We 
have  all  taken  a  whirl  at  that  and  have  brought  out  some  good 
results,  and  some  people  perhaps  have  brought  out  some  poor 
results,  but  I  would  like  to  depart  from  the  usual  practice  of 
making  all  units  alike;  I  have  found  in  the  last  few  years  that 
if  I  put  in  one  unit  of  200  kilowatts  and  another  of  100,  and 
still  another  of  about  30,  or  possibly  50,  I  get  just  about  the 
best  service,  pro^dded  always  I  have  the  assistance  of  suitable 
operators  to  take  proper  care  of  the  plant. 

II.  II.  Suplee. — I  am  very  glad  that  Mr.  Rockwood  has  brought 
up  the  subject  of  ventilation.  Most  of  our  large  buiklings  are 
not  prepared  Avith  any  method  of  ventilation,  but  if  you  go  into 
any  of  the  tall  office  buildings  in  New  York  you  will  observe  that 
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the  tenants  generally  adopt  some  means  of  ventilation  of  their 
own.  The  only  building  that  I  know  of  of  this  class  that  is  pro- 
vided with  ventilation  is  the  Drexel  Building  in  Philadelphia.  It 
is  a  12-story  building,  one  of  the  earlier  modern  buildings  built 
for  business  purposes,  and  in  that  building  there  is  a  complete 
svstem  of  exhaust  ventilation.  There  have  been  built  into  the 
walls  flues  3  x  12  inches  made  of  sheet  metal,  with  registers 
opening  out  into  the  rooms.  These  flues  all  run  to  the  top  of 
the  building  into  mains  of  constantly  increasing  size,  and  these 
mains  run  from  the  four  corners  into  a  large  exhaust  fan  placed 
in  a  little  house  on  the  roof,  which  fan  is  driven  by  an  electric 
motor.  The  result  is  that  there  is  a  constant  suction  in  and  up 
to  this  fan,  and  it  discharges  directly  upward  into  the  open  air. 
The  rooms  in  the  building  are  all  heated  by  direct  radiators  placed 
underneath  the  windows. 

Mr.  S.  H.  Bunnell. — The  back  pressure  conditions  under  which 
the  steam  engines  of  office  buildings  are  usually  operated  are 
perhaps  not  sufficiently  emphasized  by  either  of  the  two  very  com- 
plete desci-iptions  just  presented.  As  the  dark  months  are  also 
the  cold  months,  heavy  lighting  load  and  the  greatest  back  pres- 
sure on  the  exhaust  heating  system  are  simultaneously  required. 
The  greatest  range  of  expansion  possible  from  steam  at  say  120 
pounds  is  to  about  3  pounds  above  at  atmosphere,  or  Y^  times. 
Engines  for  these  plants  are  required  to  develop  their  minimum 
working  load  on  this  expansion  ratio,  and  their  maximum 
power  on  ratios  entirely  too  small  for  compound  engines.  It  seems 
to  be  invariably  the  case  that  the  actual  working  loads  over  long 
periods  fall  much  below  the  full  load  capacity  of  the  engines;  for 
obvious  reasons  where  electric  elevators  are  operated,  and  very 
considerably  in  the  case  of  lighting  service,  since  passing  storms 
and  other  causes  operate  to  suddenly  vary  the  use  of  lights. 
Further,  two  or  three  engines  are  usually  as  many'  as  can  be  pro- 
vided without  tfx>  much  subdivision  of  the  total  capacity  and  -too 
large  a  space  requirement,  so  that  even  a  steady  load  can  not  gen- 
erally be  carried  by  exactly  the  proper  engine  capacity.  Sufficient 
stress  has  not  been  laid  upon  the  imperative  requirement  of  best 
economy  over  widely  varying  loads  instead  of  high  full  load 
economy.  Specifications  call  for  guarantees  of  steam  consump- 
tion at  full  load  and  without  back  pressure,  and  engine-builders 
can  do  nothing  else  but  furnish  the  compound  engines  which  show 
best  results  under  the  set  conditions. 
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The  rLon-condensing  compound  engine  lias  a  place  wherever  it 
can  be  loaded  to  its  proper  capacity;  but  as  its  minimum  load  and 
condition  of  best  economy  is  mth  a  terminal  pressure  near  five 
pounds  above  atmospheric,  thus  cutting  off  to  in  the  high  pres- 
sure cylinder,  its  full  load  capacity  can  hardly  be  double  the 
minimum,  and  this  ^\ith  very  bad  efficiency.  If  the  average  load 
is  to  be  about  f  full  load  and  not  vary  greatly,  the  non-condensing 
compound  is  all  right.  Under  the  usual  -conditions  it  would  seem 
that  simple  engines  are  much  better  suited  to  this  work,  since 
they  have  a  range  of  power  from  that  developed  at  ^  cut-off, 
^vithout  making  the  wasteful  terminal  loop  in  the  indicator 
diagram,  to  that  developed  at  say  f  cut-off,  and  their  maximum 
economy  between  x^  and  i%-  cut-off. 

The  line  of  imiDrovement  to  follow  is  that  of  better  valve 
action  for  the  simple  engine,  and  this  is  the  idea  of  the  four-valve 
single  cylinder  type  to  which  brief  reference  has  been  made  in  the 
papers.  It  needs  only  a  glance  at  the  diagram  of  the  steam  dis- 
tribution in  a  non-condensing  compound  engine  with  its  gaps  and 
other  imperfections,  compared  with  that  of  a  four-valve  simple, 
to  suggest  what  is  actually  shown  by  service  conditions,  that  com- 
pounding a  non-condensing  engine  on  a  varying  load  is  a  waste 
of  space  and  money. 

I  hope  Mr.  Bolton  and  Mr.  Wells  will  give  the  engine-builders 
a  chance  to  sell  them  simple  engines  which  shall  have  a  very  much 
greater  range  of  capacity  witln  excellent  economy,  than  the  com- 
pound, and  I  am  sure  that  such  engines  will  come  near  realizing 
Mr.  AVell's  computation  of  2^  cents  per  hour,  instead  of  the  usual 
rate  of  4  to  10  cents. 

Mr.  Bryan's  remarks  in  favor  of  the  electric  elevator  are  in  line 
with  my  observation,  that  the  increasing  use  of  these  machines 
with  their  var}4ng  load  requirements  is  preventing  the  realization 
of  compound-engine  economy,  and  making  the  simple  four-valve 
engine  the  best  for  the  ser\dce. 

Mr.  R.  L.  Gifford. — The  scope  of  these  papers  is  so  extended 
that  in  the  short  time  at  one's  disposal  it  is  hardly  possible  to  refer 
to  them  even  in  a  general  way.  I  will  simply  refer  to  two  or 
three  matters  that  have  been  brought  up  in  the  discussion.  In 
several  places  we  have  found  it  necessary  to  use  a  damp  course  in 
concrete  walls,  and  in  concrete  floors  in  some  places  where  the 
plant  is  placed  in  a  sub-basement.  The  floor  arches  are  reached 
against  the  thrust  from  below,  just  the  reverse  of  ordinary  floor 
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construction  in  the  upper  floors  of  a  building,  and  in  treating 
a  concrete  wall  to  make  it  impervious  to  seepage,  if  it  is  given  two 
coats  of  hot  asphaltum  on  the  outside  it  will  generally  protect  it 
from  seepage  from  the  outside,  or  even  from  sw^eating  on  the  in- 
side. If,  on  the  other  hand,  it  is  desired  to  make  a  water-proof 
tank,  the  coating  should  be  placed  on  the  inside.  It  is  frequently 
necessary  to  use  steel  plate  ash  pans  under  boilers  in  order  to  get 
greater  head  room  in  the  ash  pits  under  the  grates,  than  the  Avater 
level  in  ground  Avould  otherwise  permit. 

In  the  matter  of  choice  between  the  installation  of  electric  and 
hydraulic  elevators,  I  think,  it  is  largely  a  question  of  the  service 
demanded  by  the  building,  and  the  amount  of  money  available  for 
the  first  cost  of  installation.  Where  the  loads  are  light  and 
variable  the  electric  elevator,  of  course,  is  the  elevator  to  use 
as  the  percentage  of  current  or  power  required  is  nearly  in  direct 
proportion  to  the  load  lifted.  In  department  stores  where  the  load 
is  heavy  and  constant,  and  the  cars  run  at  their  full  capacity 
all  day  the  hydraulic  elevator  ^vill  give  the  best  service  with  the 
minimum  operating  and  repair  expense.  Of  couse,  in  order  to 
get  economy  in  the  operation  of  hydraulic  elevators  it  is  neces- 
sary to  install  high  duty,  and  therefore  very  expensive  pumping 
engines. 

Respecting  ventilation  in  office  buildings,  one  of  the  great  diifi- 
culties  is  that  these  buildings  are  sub-divided  into  so  many  small 
rooms  that  in  order  to  get  in  our  stacks  and  flues  and  ducts  too 
much  valuable  space  is  used  up.  As  a  rule,  in  offices  where  there 
are  only  two  or  three  occupants  satisfactory  ventilation  can  be 
obtained  by  simply  creating  an  up-draft  through  the  halls  and 
elevator  shafts,  and  having  the  transoms  over  the  doors  open  and 
in  some  cases  placing  registers  in  lower  panels  of  doors.  How- 
ever, in  hospitals  and  auditoriums,  theatres  and  banks,  where  the 
rooms  are  large,  and,  of  course,  in  school  buildings,  the  ventila- 
tion should  always  be  an  important  part  of  the  mechanical  equip- 
ment. Hospitals,  where  the  greatast  refinement  in  ventilation  is 
required,  should  have  a  system  of  air  washing  combined  with  the 
mechanical  ventilation,  drawing  the  air  in  from  the  in-take  at  the 
roof,  passing  it  through  tempering  coils  in  the  winter,  then  passing 
it  through  a  minutely-divided  water  spray,  after  which  the 
humidity  is  rc-moved  by  passing  it  through  dryers,  part  of  the 
air  is  then  run  directly  through  the  heater-coil  stacks,  and  the 
balance  by-passed  around  the  heater  stacks,  after  which  it  goes  to 
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the  mixing  chambers,  the  dampers  of  which  are  controlled  by 
thermostats  in  the  various  rooms  to  be  heated.  So  that  the 
greatest  refinement  can  be  obtained  and  the  air  delivered  at  any 
temperature  that  the  occupants  of  the  room  may  desire. 

]\I7\  J.  H.  ]Yells.^ — It  interests  me  very  much  to  learn  that  so 
many  engineers  are  interested  in  the  mechanical  problem  which 
enters  into  the  construction  of  tall  buildings,  and  although  no  two 
of  us  seem  to  agree,  still  I  am  satisfied  that  no  great  diversity  of 
opinion  exists.  The  first  gentleman  who  spoke  upon  this  paper  in 
criticising  the  theoretical  layout  of  the  plant  proposes  a  solu- 
tion which  in  my  judgment  would  be  wholly  inadequate.  In  an 
ofiice  building  in  ^ew  York  City  of  the  type  described,  a  plant 
such  as  he  proposes  would  not  furnish  sufficient  break-down 
service,  and  were  an  accident  to  happen  to  one  of  the  one  hundred 
kilowatt  machines,  I  question  very  much  whether  the  other  two 
would  furnish  sufficient  power  to  light  and  ventilate  the  building 
adequately.  The  demands  of  I^ew  York  business  men  are  so 
great  that  it  would,  in  my  judgment,  be  too  small  a  plant,  and 
competition  is  so  strong  that  only  the  best  of  buildings  are  sought 
by  high  rent  payers.  The  conditions  in  ^ew  York  City  are  so  en- 
tirely different  from  those  in  St.  Louis  that  so  light  a  plant  as  the 
one  proposed  would  not  be  considered  as  a  first-class  office  building 
in  l\ew  York. 

The  criticism  regarding  the  lack  of  broadness  in  my  paper  is  well 
founded,  but  in  the  body  of  my  paper  I  have  stated  that  each  par- 
ticular part  of  the  mechanical  installation  would  require  a  volume 
if  properly  described. 

*  Author's  closure,  under  the  Rules. 
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l¥o.  1037.* 

SO^fE    THEORETICAL    AND    PRACTICAL    CONSIDERA- 
TIONS IN  STEAM   TURBINE    WORK. 

BT   FRANCIS   HODGKINSON,   EAST  PITTSBURG,   PA. 

(Member  of  the  Society.) 

1.  The  general  subject  of  steam  turbines  is  not  new  to  the 
transactions  of  this  Society — the  paper  presented  by  the  late  Dr. 
Thurston,  in  1900,  forms  a  valuable  treatise  on  this  subject. 
Later,  at  the  June  meting,  1903,  a  paper  by  F.  A.  Waldron,  was 
presented,  which,  from  the  operator's  standpoint,  showed  the  all- 
around  commercial  economy  of  the  turbine,  and  was  a  tribute  to 
the  durability  and  general  performance  of  the  particular  machine 
he  described.  It  is  therefore  intended  to  confine  this  paper  to 
some  special  features  of  turbine  work,  which  have  a  more  or  less 
intimate  bearing  upon  the  operation  of  a  successful  steam  turbine. 

The  Ideal  Turbine  Element. 

2.  An  ideal  elementary  turbine  may  be  said  to  consist  of  a 
steam  nozzle  directing  a  tangential  jet  of  fluid  upon  a  bucket 
wheel  of  the  Pelton  type.  This  type  of  bucket  is  selected  because 
it  may  be  capable  of  giving  a  complete  reversal  to  the  jet,  so  that 
the  spent  fluid  may  issue  from  the  buckets  without  any  velocity. 
Even  this  type  may  not  be  quite  ideal  because  of  the  distance 
which  must  necessarily  exist  between  the  outlet  of  the  nozzle  and 
the  receiving  wedge  of  the  buckets,  the  effect  of  which  will  be  to 
cause  friction  between  the  jet  and  the  surrounding  medium,  caus- 

*  Presentffl  at  the  Ohicago  meeting  (May  and  June,  1904)  of  the  American 
Society  of  Mechanical  Engineers,  and  forming  part  of  Volume  XXV.  of  the 
Trarmaction%. 

\  For  funher  discussion  on  this  topic,  consult  Transactions  as  follows: 
No   345,  vol.  X.,  p.  680  :  "  Notes  on  Steam  Turbine."     .1.  B.  Webb. 
No.  648,  Tol.  xvii.,  p.  81  :  "Steam  Turbine."     W.  F.  M.  Goss. 
No.  «7«J.  vol.  xxii..  p.  170:  "Steam  Turbine."    R.  IT.  Thurston. 
No.  987,  vol    xxiv.,  p.  999  :  "  Steam  Turbine  from  Operating  Standpoint."    F.  A. 
Waldroa. 
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ing  eddies,    and   perhaps   entraining  some   of   this    surrounding 
medium. 

3.  Steam  expands  approximately  adiabatically  in  the  nozzle, 
and  on  its  arrival  at  the  exit  should  be  thoroughly  expanded  to 
the  exhaust  pressure,  so  that  its  heat  energy  may  be  entirely  trans- 
formed into  kinetic  energy,  and  its  velocity  be  the  greatest  at- 
tainable on  •  striking  the  buckets.  For  conditions  of  maximum 
efficiency,  the  same  relation  between  velocities  of  jet  and  vane 
applies  to  the  steam  impulse  wheel,  as  to  its  hydraulic  analogue; 
viz.,  bucket  speed  equals  one-half  of  jet  speed. 

4.  The  difficulty  of  such  a  design  as  this  is  obviously  due  to 
the  fact  that  the  velocity  of  steam  expanding  between  even  mod- 
erate differences  of  pressure,  is  so  high  as  to  render  the  most 
efficient  velocity  of  the  bucket  difficult  to  provide  for  because  of 
the  limitations  of  strength  of  materials.  Thus,  for  terminal  press- 
ure of  165  pounds  and  1  pound  respectively,  the  bucket  speed 
should  be  2.025  feet*  per  second.  In  practice,  the  maximum 
attained  is  1,378  feet  per  second  in  a  300  horse-power  De  Laval 
turbine,  which  is  32  per  cent,  below  speed.  In  a  50  horse-power 
turbine,  the  bucket  velocity  is  58  per  cent,  below  normal,  but  even 
at  this  speed,  the  radial  stresses  amount  to  23,000  pounds  per 
square  inch. 

The  Expansion  of  Steam. 

5.  The  so-called  phenomenon  of  ^maximum  flow  of  steam 
through  an  orifice  is  now  generally  understood.  It  has  been  gen- 
erally stated  that  the  velocity  of  steam  flowing  through  an  orifice 
will  not  exceed  about  1,500  feet  per  second,  no  matter  what  the 
differences  of  pressure  may  be.  This  condition  has  been  said  to 
be  reached  when  the  exhaust  pressure  bears  a  certain  ratio  to  the 
initial  pressure.  This  ratio  has  been  variously  given  from  52  per 
cent,  to  58  per  cent. 

G.  Experiments  made  at  East  Pittsburg,  however,  seem  to  show 
that  the  above  figures  vary  with  the  initial  pressure.  The  veloc- 
ity becomes  higher  and  the  above  ratio  lower  with  the  lower 
initial  pressure.  Therefore,  in  the  above-mentioned  elementary 
turbine,  if  the  initial  pressure  is  150  pounds  per  square  inch,  and 
the  exhaust  pressure  is  greater  than  85  pounds  (57  per  cent,  of 
the  initial  pressure),  all  that  is  needed  in  the  shape  of  a  nozzle  is 
a  well-rounded  orifice.     If  the  exhaust  pressure  is  less  than  85 

*  Conrad  Anderson— Trans.  Engrs.  &  Shipbuilders,  Scotland,  November,  1903. 
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pounds,  a  divergent  nozzle,  as  used  by  Gustav  De  Laval,  is  neces- 
sary. Without  this  divergence,  the  steam  will  expand  outside  of 
the  nozzle  where  it  is  uncontrolled  by  its  walls,  and  consequently 
much  of  the  expansion  will  take  place  laterally,  which  will  not 
further  accelerate  the  jet.  / 
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7.  A  further  reason  for  the  divergence  is  apparent  from  the 
fact  that  the  work  done  by  the  expanding  steam  varies  nearly  in 
direct  proportion  to  the  number  of  expansions,  and  also  varies 
directly  as  the  square  of  the  velocity.  The  volume  of  the  steam, 
therefore,  increases  much  more  rapidly  than  the  velocity,  and 
room  must  be  provided  for  its  proper  expansion  in  the  nozzle. 
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8.  A.  theoretical  design  of  a  divergent  nozzle  is  shown  in  Fig. 
357,  which  considers  a  nozzle  expanding  1  pound  of  dry  saturated 
steam  per  second  from  an  absolute  pressure  of  165  pounds  per 
square  inch  to  1  pound  per  square  inch.  It  has  been  assumed 
that  the  expansion  will  be  adiabatic,  and  that  equal  increments  of 
work  will  be  performed  in  equal  increments  of  nozzle  length. 

9.  The  abscissae  are  laid  out  to  uniform  scale  and  represent  the 
foot  pounds  of  energy  given  up  by  the  steam  expanding  between 
the  limits  of  pressure  referred  to  the  scales  of  ordinates.  The 
curve  of  pressure  shows  the  pressure  drop  corresponding  to  in- 
creasing work.  The  velocity  curve  is  calculated  upon  the  assump- 
tion that  all  energy  of  the  expanding  steam  has  been  expended 
internally  and  converted  into  velocity.     The  curve  of  the  areas 

of  the  nozzle  is  found  by  the  equation  d  =  — pr- . 

a  =  Area  of  nozzle, 
s  =  Specific  volume, 
.  a?2  =  Quality  of  steam, 
V  =  Velocity  of  steam. 

10.  An  examination  of  the  curve  shows  that  the  throat  of  the 
nozzle  corresponds  to  a  velocity  of  1,500  feet  per  second  and  to  a 
pressure  5.7|  per  cent,  of  the  initial  pressure. 

11.  It  is  logical  to  assume  that  steam  expands  adiabatically  in 
a  nozzle,  as  nozzles  are  generally  small  relative  to  the  amount  of 
steam  passing,  so  that  there  is  little  opportunity  for  any  inter- 
change of  heat.  The  state  of  the  steam  at  the  outlet  of  the  nozzle, 
therefore,  is,  except  for  some  frictional  losses,  the  state  of  the 
exhaust  of  an  ideal  engine.  It  contains  considerable  water  which 
has  been  condensed  during  the  adiabatic  expansion  of  the  steam. 
This  may  amount  to  over  20  per  cent,  in  cases  of  low  exhaust 
pressures,  and  is  discharged  from  the  nozzle  in  the  fonn  of  vapor 
or  fine  spray. 

12.  If  the  steam  issuing  from  this  nozzle  be  brought  back  to 
rest  in  a  closed  chamber,  the  kinetic  energy  of  the  jet  will  be  re- 
converted into  heat,  and  the  expanded  steam  will  become  super- 
heated, just  as  in  the  well-known  throttling  calorimeter.  Fig.  358 
shows  this  graphically,  by  means  of  an  entropy  temperature  dia- 
gram. The  steam  expands  from  165  pounds  absolute  to  1  pound 
absolute.  S  represents  the  state  of  the  steam  at  the  outlet  of 
the  nozzle,  which  contains  23.1  per  cent,  of  moisture.     On  the 


720 


SO:SLE   CONSIDERATIONS   IN   STEAM   TURBINE   WORK. 


steam  being  brought  to  rest,  it  attains  the  state  /Sgand  becomes 
superheated  167.8  degrees  Fahr. 

13.  An  interesting  fact  on  this  subject  was  pointed  out  bj  Prof. 
W.  H.  Watkinson  (Transactions  of  the  Institute  of  Engineers  and 
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Shipbuilders  in  Scotland,  vol.  xlvi.,  Part  V.),  of  England,  who 
shows  that  if,  after  the  energy  of  the  jet  has  been  converted  into 
velocity,  we  were  to  separate  therefrom  the  water  of  condensation 
and  then  bring  the  jet  to  rest,  the  steam  would  become  highly 


.■iuperheated.     Thi.s  is  graphically  shown  in  Fig 
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same  limits  of  pressure  as  heretofore,  the  steam  on  being  brought 
to  rest  rises  in  temperature  670.1  degrees  Fahr.,  and  attains  772.1 
degrees  Fahr.,  which  is  406.2  degrees  Fahr.  hotter  than  whea  it 
left  the  boiler. 
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Entropy-Temperature  Diagram,  showing 
1st.      The  adiabatic  expansion  of  steam  from  165  pounds 

absolute  pressure  to  1  pound  absolute  pressure,  and 
2nd.      The  abstracting  of  the  moisture  due  to  adiabatic 

expansion. 

3rd.     The  bringing  of  the  steam  to  rest  without  its  per 
forming  work. 
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14.  This  method  might  be  utilized  for  obtaining  superheated 
steam  at  a  moderate  pressure,  if  any  practicable  method  could  be 
devised  for  separating  the  water  of  condensation  from  the  jet  be- 
fore it  is  brought  to  rest.  For  instance,  operate  the  boiler  at  400 
or  500  pounds  pressure  and  expand  in  the  manner  above  outlined 
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to  150  pounds  per  square  inch,  then  separating  the  moisture  and 
bringing  the  steam  to  rest,  superheat  would  be  obtained.  An 
analysis  of  the  cycle  will  show  this  method  to  have  about  the  same 
efficiency  as  though  the  steam  were  generated  in  the  boiler  at  150 
pounds  and  aftenvards  superheated  to  a  corresponding  degree. 

Causes  of  Departure  from  the  Ideal. 

15.  It  is  probable  that  the  state  of  steam  issuing  from  a  good- 
sized  nozzle  does  not  deviate  much  from  the  ideal.  The  only  losses 
will  be  due  to  the  friction  and  conduction  of  heat  along  the  walls. 
The  larger  the  nozzle,  the  less  will  be  the  ratio  of  perimeter  to 
cross  section,  and  consequently  the  less  these  losses  will  become. 
In  the  ideal  turbine  above  mentioned,  if  the  form  and  the  velocity 
of  the  buckets  were  such  that  they  might  wholly  absorb  the  veloc- 
ity of  the  jet  without  friction,  the  state  of  the  steam  on  leaving 
the  buckets  would  be  the  same  as  when  it  left  the  nozzle,  and  we 
would  have  a  turbine  approximating  an  ideal  engine,  except  for 
the  frictional  losses  of  the  nozzle. 

16.  In  practice,  the  kinetic  energy  cannot  be  wholly  absorbed, 
the  buckets  cannot  generally  be  arranged  to  satisfactorily  make 
a  complete  reversal  without  attendant  disadvantages;  hence  the 
steam  issues  from  the  bucket  with  residual  velocity.  Where  the 
jet  is  arranged  to  impinge  upon  the  bucket  wheel  tangentially  or 
at  the  sides,  a  departure  from  the  ideal  occurs.  In  the  I)e  Laval 
type,  complete  reversal  cannot  be  obtained,  as  the  spent  steam 
must  clear  the  buckets;  in  the  Pelton  type,  the  angular  position 
of  the  bucket  with  reference  to  the  jet  is  continually  changing, 
resulting  in  distortion  of  the  jet  from  its  ideal  path.  There  is 
also  in  some  forms  a  spill  from  the  buckets,  and  always  frictional 
losses  and  eddies,  which  have  the  effect  of  lowering  the  velocity 
and  heating  up  the  steam  similar  to,  but  to  a  less  extent  than,  the 
effect  in  a  throttling  calorimeter. 

17.  With  high  steam  velocities,  the  skin  friction  of  the  fluid 
passing  over  surfaces  such  as  buckets  amounts  to  a  considerable 
loss,  though  the  exact  amount  of  such  losses  is  unknown. 

Professor  Perry  says :  * 

"  Friction  in  fluids  is  y)roportional  to  the  speed  when  the  speed  is  small  ;  to  the 
square  of  the  speed  wlien  the  speed  is  greater  ;  and  at  still  greater  speeds,  the 
friction  increases  more  rapidly  than  the  square  of  the  speed. 

The  resistance  to  motion  of  a  rifle  hullet  is  proportional  to  the  square  root  of 
the  fifth  power  of  the  speed." 

*  See  "Applied  Mechanics,"  by  Prof.  John  Perry,  p.  79. 
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In  the  type  of  turbine  above  described,  the  velocity  of  the  steam 
is  approximately  twice  that  of  a  rifle  bullet. 

18.  Dr.  Stodola,  in  his  excellent  work,  "  Die  Damp  Turbine/' 
quotes  a  test  by  Lewici  upon  the  friction  of  a  30  horse-power  De 
Laval  disk  in  air  and  vacuum.  The  turbine  was  driven  by  a  cali- 
brated motor,  and  in  order  to  bring  it  up  to  speed,  the  following 
power  w^as  required : 

Resistance. 
Atmosphere.  19.6"  Vacuum. 

Dry  saturated  steam 3.3  H. P.  =      11  per  cent.  5  per  cent. 

Superheat  300  degrees  C .  .  6.25  per  cent.  2  per  cent. 

19.  In  riev:  of  these  facts,  it  would  seem  desirable  to  avoid 
high  steam  velocities  as  much  as  possible,  because  of  the  result- 
ing frictional  losses.  Another  reason  is  the  erosive  action  of  the 
steam  with  high  velocities.  This  is  quite  serious  when  the  steam 
is  initially  wet,  due  to  foaming  boilers.  In  this  case,  matters  are 
generally  made  worse  by  the  moisture  generally  carrying  with  it 
various  kinds  of  solid  impurities. 

20.  In  this  connection,  the  author  lately  had  some  hard  drawn 
Delta  metal  blades  exposed  to  two  steam  jets,  the  one  issued  from 
a  diverging  nozzle  with  150  pounds  boiler  pressure  behind  it,  and 
the  other  from  a  rounded  orifice  with  1  pound  pressure.  The  size 
of  the  outlet  of  the  two  nozzles  is  the  same  in  each  case,  and  the 
respective  velocities  were  approximately  2,900  and  600  feet  per 
second. 

21.  The  blades  were  kept  continuously  exposed  to  the  jets  for 
one  hundred  and  twenty-eight  hours. 

22.  Fig.  360  is  a  photograph  of  their  condition,  in  which  some 
considerable  amount  of  erosion  will  be  observed  on  the  blades 
subjected  to  the  higher  velocity. 

23.  A  rather  curious  feature,  too,  is  that  the  erosion  was  maxi- 
mum at  the  center  and  the  extreme  edges  of  the  jet. 

24.  Xo  attempt  w.is  made  to  observe  the  quality  of  the  steam ; 
the  nozzles  were  merely  connected  to  a  steam  pipe  in  the  works. 

Types  of  Turbines. 

25.  The  ideal  turbine  that  has  been  above  referred  to  is  essen- 
tially a  refined  form  of  that  built  by  Branca,  in  1629.  The  pres- 
ent De  Laval  turbine  may  be  said  to  be  of  a  like  type,  in  so  far 
that  its  elements  consist  of  one  single  bucket  wheel  and  one  set 
of  expanding  nozzles. 
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Subjected  for  128  hours  to  600  feet  per  second  velocity  steam. 


Suhjffcted  for  128  hours  to2,fKX)  feet  per  second  velocity  Htetim. 

¥io.  360.— PnoTOGRAPiiH  OK  Jet  Turbine  Blades  Showing  Erosion. 
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The  Stumjcf : 

26.  A  more  recently  developed  tur"bine,  Stumpf,  likewise  util- 
izes these  distinguishing  elements  of  the  simple  impulse  turbine, 
with,  however,  a  slight  departure  from  the  De  Laval  arrangement 
in  the  use  of  tangential  nozzles  with  buckets  of  the  Pelton  fo-nn 
milled  in  the  periphery  of  the  wheel.  These  are  slightly  pitched 
from  the  shaft  in  order  to  provide  metal  for  succeeding  buckets. 
A  characteristic  of  this  form  of  turbine  is  the  large  wheel  diam- 
eter employed,  and  it  is  in  this  direction  that  low  shaft  speeds  are 
secured.  For  example,  a  500  horse-power  turbine  with  two  disks 
5  feet  in  diameter  has  been  constructed  and  run  at  a  speed  of 
3,000  revolutions  per  minute  with  a  rigid  shaft.  In  later  forms 
of  the  Stumpf  turbine,  it  has  been  sought  to  utilize  a  residual 
velocity  of  the  steam  leaving  the  buckets  by  redirecting  it  around 
a  circular  guide,  so  as  to  impinge  again  upon  another  set  of  buck- 
ets, milled  in  the  periphery  of  the  wheel,  alongside  the  other  row. 
The  steam  jet,  after  leaving  the  nozzle,  is,  therefore,  reversed  180 
degrees  twice  before  finally  lea^-ing  the  wheel.  It  is  evident,  how- 
ever, that  this  arrangement  is  subject  to  the  same  disadvantage  as 
regards  fluid  friction,  as  the  simple  impact  arrangement. 

Comjpound  Systems: 

27.  On  account  of  the  difficulties  of  construction,  and  losses 
attendant  upon  the  use  of  high  steam  velocities,  various  methods 
of  compounding  have  been  proposed,  the  objective  point  of  the 
compounding  arrangement  being  a  subdivision  of  total  velocity 
among  several  stages,  so  that  the  working  velocities  in  any  one 
stage  might  be  reduced  to  a  more  practicable  degree.  The  effect 
of  compounding  does  not,  however,  reduce  the  stage  velocities  as 
promptly  as  might  be  at  first  thought,  for  the  reason  that  the  veloc- 
ity varies  as  the  square  root  of  the  energy  of  the  steam.  Thus, 
if  the  simple  impact  turbine  were  constructed  with  two  stages  in- 
stead of  one,  the  stage  velocity  would  be  reduced  from  4,012  feet 
per  second  to  2,835  feet  per  second,  assuming  a  range  of  press- 
ure from  165  pounds  to  1  pound  absolute.  If  it  were  constructed 
in  four  stages,  the  velocity  would  become  2,050  feet  per  second, 
under  the  supposition  that  the  entire  velocity  of  the  jet  were  ab- 
stracted in  each  stage.  In  order,  therefore,  to  reduce  the  steam 
velocities  to  500  feet  per  second,  about  64  stages  would  be  re- 
quired in  the  turbine. 
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The  Curtis: 

28.  The  nearest  approach  to  this  method  of  compounding  the 
simple  impact  element  is  carried  out  in  the  Curtis  turbine,  in 
which  two  or  more  stages  are  employed  to  carry  out  the  total 
range  of  expansion  from  boiler  to  condenser.  Each  stage  com- 
prises a  set  of  expanding  nozzles  and  a  wheel  carrying  more  than 
one  row  of  buckets.  The  peripheral  speed  of  the  wheel  is  kept 
^^ithin  convenient  limits,  so  that  if  only  one  row  of  buckets  were 
employed,  the  steam  mould  issue  from  it  with  much  residual 
velocity. 

29.  In  order  to  abstract  this  as  far  as  possible,  a  set  of  guides 


Fig.  361. 

is  interposed  which  redirects  the  steam  leaving  the  first  row  of 
moving  blades,  into  a  second  set.  The  velocity  of  the  jet  is  thus 
reduced  by  each  reversal  in  the  moving  blades,  and  this  process 
is  carried  out  as  many  times  as  may  be  necessary  to  absorb  the 
initial  velocity  of  the  jet.  Thus  the  steam  in  each  stage  is  alter- 
nately accelerated  in  the  nozzle  and  retarded  in  the  blades.  Low 
shaft  velocities  are  secured  by  this  arrangement,  but  this  is  largely 
due,  however,  to  the  use  of  large  diameters  of  wheel,  and  to  the 
fact  that,  generally,  a  very  small  arc  of  all  but  the  last  wheel  is 
being  acted  upon  by  the  nozzles  at  one  time.  This  construction 
makes  desirable  a  fine  axial  clearance. 

TJte  Zoelly : 

30.  The  idea  of  compounding  has  been  applied  in  a  slightly 
different  manner  in  the  Zoelly  turbine,  a  cross  section  of  which  is 
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shown  in  Fig.  361.  One  section  of  the  turbine — the  high-pressure 
end — consists  of  several  tangential  impulse  elements  arranged  in 
separate  compartments.  Each  is  fitted  with  a  number  of  nozzles 
in  which  part  of  the  expansion  is  carried  out,  and  the  velocity 
immediately  abstracted  in  the  buckets.  In  the  later  stages,  how- 
ever, a  different  construction  is  employed  by  reason  of  the  in- 
creased volume  of  steam.  The  nozzles  are  here  slotted  in  the 
wall  of  each  compartment,  and  the  steam  flow  is  in  the  form  of 
an  annular  jet,  striking  the  bucket  wheel  in  the  manner  of  the 
De  Laval  turbine.  To  accommodate  expansion,  the  radial  widths 
of  the  nozzle  parts  are  progressively  increased  to  the  end  of  the 
turbine.     The  principal  features  of  the  Zoelly  turbine  lies,  how- 


kab^ 


SeCTlOW  A-B 


^m 


SE.CTION  C-O 

SE.CTION    e.-K 

SECTION    G-K 

Fig.  362. 


ever,  in  the  construction  of  the  disk  wheel  to  accommodate  ex- 
traordinarily high  peripheral  speeds.  The  buckets  consist  of 
metal  strips  about  one-half  the  radius  of  the  wheel  length.  They 
are  secured  to  a  two-piece  hub  by  projections,  as  shown  in  Fig. 
362,  and  a  cross  section  of  approximately  uniform  strength  is  ob- 
tained by  milling  the  bucket  curves  deeper  from  hub  to  rim. 
Thus,  the  weight  is  largely  decreased,  as  are  also  the  internal 
stresses  to  be  provided  for.  Zoelly  found  by  experiments  that 
his  buckets  might  be  spaced  much  farther  apart  than  customary 
in  the  De  Laval  turbine,  without  serious  loss  in  efliciency,  which 
justifies  his  construction.  The  peripheries  of  the  bucket  wheels 
are  surrounded  by  stationary  metal  shrouds  to  prevent  radial 
escape  of  the  steam.  The  sides  of  the  buckets  are  further  en- 
closed in  sheet-steel  housings  to  reduce  the  windings  which  would 
occur  with  exposed  buckets  of  such  length.     Complete  reversal  of 
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the  steam  jet  is  impossible,  and  the  action  is  similar  to  that  of  the 
familiar  Pelton  wheel. 

The  Bateau: 

31.  Professor  Rateau,  in  his  later  form  of  turbine,  has  dis- 
carded the  simple  impact  element  and  employed  the  subdivided 
element  to  a  still  greater  extent  than  any  hereinbefore  described. 
Fig.  303  shows  a  section  of  a  Rateau  turbine  of  25  stages.  Annu- 
lar nozzles  are  provided  in  each  division  wall  between  stages.  The 
stages  being  numerous,  the  pressure  drops  are  small,  such  that 
the  nozzles  require  no  divergence.  The  increasing  nozzle  area 
is  secured  through  increasing  the  arc,  or  percentage  of  total  cir- 


FiG.  363. 

cumierence,  rather  than  the  nozzle  width,  as  in  the  Zoelly  form. 
Thus  in  the  later  stages,  a  complete  annular  jet  results,  and  the 
entire  periphery  of  the  wheel  is  made  use  of.  This  seems  a  de- 
cided step  in  the  direction  of  reducing  fluid  velocities,  but  even 
this  form  is  subject  to  frictional  losses,  due  to  large  disk  areas 
operating  at  high  speeds  in  dense  media. 

32.  A  still  further  method  of  securing  the  advantages  of  com- 
pounding \s>  represented  in  the  construction  of  the  Parsons  tur- 
bine, which,  however,  antedates,  both  in  conception  and  introduc- 
tion, other  forms  of  modern  steam  turbines. 

Par%onH : 

33.  In  the  types  previously  described,  the  original  impact  ele- 
ment has  been  made  use  of  in  simple  or  compounded  form,  the 
pressure  fall  being  secured  by  nozzles  and  the  velocity  abstracted 
by  vanes.     Thus  each  bucket  wheel  presumably  rotates  in  an  at- 
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mosplierc  of  uniform  pressure  at  all  points.  Mr.  Parsons,  how- 
ever, early  concci\  ed  the  idea  of  so  designing  and  locating  the  tur- 
bine vanes  that  tliej  should  perform  the  functions  of  bucket  and 
nozzle  as  well,  at  the  same  time  confining  the  steam  to  the  periph- 
ery of  the  wheel  in  order  to  avoid  superficial  friction  in  large 
disk  areas.  The  actual  construction  of  this  type  of  turbine  is  so 
well  known  as  to  require  only  passing  comment  here.  By  refer- 
ence to  Fig.  o ()-!-,  Avhicli  shows  a  t^q^ical  section  of  a  Westinghouse- 
Parsons  turbine,  it  will  be  seen  that  the  steam  volume  progress- 
ively increases  from  inlet  ^i  to  exhaust  B  in  the  annular  space 
between  stator  and  rotor.  The  entire  expansion,  which  is  ap- 
proximately adiabatic,  is  carried  out  within  this  annular  compart- 
ment which  essentially  corresponds  to  a  simple  steam  nozzle. 
There  is  this  difference,  however,  that  whereas  in  a  nozzle  the 
heat  energy  of  the  entering  steam  is  expended  upon  itself  in  pro- 
ducing high  velocities  of  efEux;  in  the  Parsons  turbine  the  total 
velocity,  due  to  expansion,  is  subdivided  into  a  number  of  steps,  in 
each  of  which  it  is  reduced  through  the  dynamic  relation  of  jet 
and  vane,  so  that  a  comparatively  low  velocity  is  maintained  from 
inlet  to  exhaust;  this  generally  varying  from  150  feet  per  second 
as  a  minimum  at  the  high-pressure  end  to  about  600  feet  per  sec- 
ond as  a  maximum  at  the  low^-pressure  end.  The  action  of  the 
steam  in  this  turbine  differs  from  other  types  also  in  this  respect, 
that  the  steam  expands  in  the  ring  (2)  of  moving  blades  (see 
Fig.  30."),  so  tliat  a  reactive  effect  is  produced  in  addition  to  the 
impulse  of  the  steam  from  (1).  The  total  torque  produced  at  the 
shaft  from  ring  (2)  of  moving  blades  is,  therefore,  due  to  impact 
of  steam  from  (1)  and  reaction  from  (2).  This  process  is  re- 
peated in  each  element  of  the  turbine,  and  the  average  velocity 
may  be  maintained  at  a  uniformly  low  figure  throughout.  It  is 
evident  that  here  f  rictional  losses,  due  to  high  velocities  of  efflux, 
are  largely  reduced. 

34.  It  has  been  often  held  that  unless  very  high  vacuum — in 
fact,  an  almost  uncommercial  one — be  provided,  the  economy  of 
the  turbiiif  will  suffer.  Tliis  may  be  so  in  certain  types  in  which 
tliere  are  if  He  portions  of  the  bucket  wheels  rotating  in  dense 
media.  In  tlie  paralh-l-flow  type,  liowever,  losses  from  this  source 
are  not  so  mur-h  in  evidence,  by  reason  of  the  fact  that  the  steam 
is  confined  to  tlie  annulus,  and  the  entire  circumference  is  active 
in  producing  torque,  thus  reducing  the  proportion  of  friction  to 
useful   work.      By   reference   to   the    appended   tables    of   tests, 
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it  ^\dll  be  found  that  the  results  from  turbines  operating  under 
poor  vacua  are  not  less  excellent,  relatively,  than  those  obtained 
with  high  vacua. 

35.  The  question  is  frequently  asked  why  three  diameters  of 
barrel  have  been  generally  selected  in  the  Westinghouse-Parsons 
turbine.  This  selection  has  no  bearing  whatsoever  on  the  design 
of  the  machine,  but  is  merely  one  of  mechanical  convenience. 
The  proper  expansion  can  be  provided  for  just  as  well  should 
there  be  one  or  several  different  diameters.  It  would  be  found, 
however,  that  if  one  were  used  and  a  speed  and  diameter  of  drum 
were  selected  that  would  permit  convenient  proportions  of  blades 
at  the  outlet,  the  blades  at  the  inlet  of  the  turbin  would  become 
unmechanically  small:   similarly,  if  diameters  and  speeds  were 


z 
5< 

1 

2 
3 

4 

C  C  C  C  ex  C  C  C  ''^ '"'"'^ 

Blades 

UJ 

_j 

LU 

J) )) )) ));)) )) )) )) ))  ^' 

oving  Blades 
Blades 
ving  Blades 

NoUCo.^.T. 

a 

1N31A1: 

C  C  C  C  C  C  C  C  C  '''"™^^ 

\P111 

))))))n)))))))P'^ 

\ 

*                                                        Am.Bank 

Fig.  365. 

selected  to  suit  the  inlet  blades,  the  areas  of  the  blades  in  the  last 
stages  would  become  unmanageably  large.  By  varying  the  barrel 
diameters  at  several  convenient  points,  corresponding  variations 
may  be  made  in  the  velocity  of  the  steam,  thus  permitting  blade 
designs  of  convenient  proportions  for  both  extremes. 

36.  It  is  an  important  feature  of  the  parallel-flow  turbine  that 
the  entire  annulus  between  rotor  and  stator  is  filled  with  work- 
ing steam.  It  permits  the  use  of  large  axial  clearances  between 
moving  and  stationary  blades  without  loss  in  efficiency.  In  actual 
practice,  this  is  never  less  than  ^  inch,  and  in  large  blades  it  is  as 
much  as  1  inch.  In  all  forms  of  impulse  turbine,  separation  of 
nozzle  and  vane  results  in  surface  friction  of  the  jet,  and  par- 
ticularly an  entrainment  of  the  surrounding  medium,  as  in  the 
fashion  of  a  steam  injector,  thus  increasing  fluid  friction  by  draw- 
ing the  steam  backwards  through  the  idle  portion  of  the  wheel. 


732  SOME    CONSIDERATIONS    IN    STEAM    TURBINE    WORK. 

37.  Although  small  axial  clearances  are  unnecessary  in  the  Par- 
sons turbine,  it  is  desirable  to  employ  as  small  radial  clearances 
as  possible  in  order  to  prevent  leakage  of  steam  from  stage  to 
stage.  In  order  to  avoid  over-estimating  the  probable  extent  of 
this  leakage,  it  is  necessary  to  bear  in  mind  a  point  which  is  usu- 
ally lost  sight  of,  and  which,  in  a  considerable  measure,  offsets  the 
loss  from  this  source.  In  a  machine  of  given  size,  the  radial  clear- 
ances between  the  ends  of  blades  and  the  walls  of  the  turbine 
would  presmnably  be  constant.  The  greater  leakage  would,  there- 
fore, naturally  occur  at  the  high-pressure  end  of  the  turbine,  or 
at  the  begining  of  the  expansion.  By  the  time  the  lower  stages 
of  the  turbine  have  been  reached,  the  total  volume  of  the  steam 
has  become  so  great,  compared  with  the  clearance  area,  that  the 
latter  becomes  unimportant.  All  leakage  steam  returns  energy 
to  the  working  steam  in  the  form  of  heat,  as  its  action  is  similar 
to  wire  drawing  in  a  restricted  passage;  hence  it  is  superheated 
to  a  slight  degree  and  serves  to  partially  dry  the  working  steani 
which  contains  considerable  moisture,  due  to  adiabatic  expansion. 

38.  In  any  type  of  turbine  it  is  necessary  to  provide  glands  at 
the  ends  of  the  casings  to  prevent  the  escape  of  steam  or  the  in- 
flux of  air  into  the  turbine  at  the  point  of  entry  of  the  shaft.  Air 
leakage  is  particularly  detrimental  in  cases  where  it  is  desirable 
to  maintain  high  vacuum.  Various  forms  of  packing  glands  have 
been  used,  but  the  later  type  Westinghouse-Parsons  turbines  are 
fitted  Avith  an  arrangement  of  water-sealed  glands.  They  require 
no  lubrication,  and  it  is  impossible  for  any  oil  to  escape  from  the 
bearings  or  the  lubricating  system  into  the  steam  spaces.  There 
are  no  rubbing  surfaces  in  these  glands,  and  it  is  found  that  they 
do  not  wear  out.  The  water  used  for  sealing  them  is  small  in 
quantity,  but  it  is  not  necessarily  lost,  as  it  may,  in  a  power  plant, 
be  taken  from  the  feed-pump  delivery  and  the  overflow  returned 
to  the  feed-pump  suction. 

30.  In  the  longitudinal  section  of  the  turbine.  Fig.  364,  steam  is 
shown  entering  at  S,  where  a  steam  strainer  is  provided,  thence 
through  a  poppet  valve  V  which  is  controlled  by  the  governor. 
When  in  operation,  this  poppet  valve  is  continually  opening  and 
closing  at  constant  intervals,  the  periods  of  which  are  proportional 
to  the  speed  of  the  turbine.  Its  operation  is  well  shown  in  Fig. 
300,  which  reprf'sentfl  some  indicator  cards  taken  on  a  1,250  kilo- 
watt turbine  at  various  loads,  the  indicator  being  attached  to  the 
admission  port  A,  and  the  indicator  barrel  revolved  at  constant 
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speed  by  suitable  means.  At  light  loads,  the  valve  opens  for  very 
short  periods  and  remains  closed  during  the  greater  part  of  the 
inten^al.  As  the  load  increases,  the  valve  remains  longer  open, 
until  finally  continuous  full  pressure  is  obtained  in  the  high-press- 
ure end  of  the  turbine.  At  this  time  the  valve  does  not  reach  the 
seat  at  all,  but  is  merely  vibrating  without  sensibly  reducing  the 
pressure  of  steam  in  the  turbine.  This,  in  a  turbine,  would  cor- 
respond to  somewhat  over  full  load. 
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40.  On  the  load  being  still  further  increased,  an  auxiliary  or 
"  secondary ''  valve,  designated  V ,  begins  to  open  and  admits 
steam  as  may  be  required  to  a  later  stage  in  the  turbine  where  the 
working  steam  areas  are  greater,  thus  increasing  in  proportion 
the  total  power  of  the  turbine.  The  operation  of  tliis  poppet  valve 
is  the  same  as  the  main  admision,  so  that  the  governor  automatic- 
ally controls  the  power  and  speed  of  the  turbine  from  no  load  to 
such  overloads  as  are  generally  beyond  the  limits  of  generating 
apparatus  built  on  normal  ratings.  Its  performance  may  be  seen 
in  Fig.  367,  which  shows  an  economy  test  on  a  turbine  where  tests 
were  made  up  to  76  per  cent,  overload.  The  economy,  it  will  be 
observed,  drops  off  slowly  as  the  "  secondary  "  valve  opens,  but, 
on  the  other  hand,  the  range  of  load  at  which  the  turbine  may  be 
economically  operated  is  greatly  extended,  in  this  case  from  400 
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to  over  1,000  B.  H.  P.  with  a  steam  consumption  varying  from 
13.2  to  14.3,  or  but  slightly  over  8  per  cent,  fropi  that  of  maxi- 
mum efficiency. 

41.  The  intermittent  admission  of  steam  to  the  turbine  is  pro- 
ductive of  some  gain  in  economy  at  light  loads  by  keeping  the 
temperature  range  greater  than  would  be  possible  if  the  steam 
were  throttled.  Another  advantage  to  be  derived  from  this 
method  of  admitting  steam  is  that  the  admission  valve  and  the 
mechanism  that  operates  it  are  constantly  reciprocating,  and  conse- 
quently get  no  opportunity  to  become  stuck.  The  reciprocating 
motion  necessary  to  operate  the  mechanism  originates  mth  an 
eccentric  driven  by  the  turbine,  and  is  transmitted  through  the 
clutch  of  the  governor,  causing  a  continual  disturbance ;  such  that 
the  governor  is  at  all  times  ready  to  go  to  a  new  position  with  the 
least  change  of  speed,  simply  because  the  "  friction  of  rest "  does 
not  have  to  be  overcome.  On  the  larger  size  turbines,  the  gov- 
ernor is  supplemented  by  a  special  automatic  centrifugal  safety 
stop  which  is  mounted  at  the  end  of  the  shaft  and  which  actuates, 
by  means  of  high-pressure  steam,  an  auxiliary  self-closing  throttle 
valve  located  in  the  main  steam  pipe  supplying  the  turbine.  The 
safety  stop  may  be  set  at  any  predetermined  speed,  which,  if  at- 
tained, causes  the  turbine  to  be  brought  to  rest.  It  is  employed 
mainly  as  a  precaution  against  damage  due  to  any  possible  de- 
rangement of  the  governor  mechanism. 

42.  With  the  form  of  governor  employed,  the  speed  regulation 
may  be  kept  to  T\dthin  2  per  cent,  between  friction  load  and  full 
load,  or  1  per  cent,  either  side  of  the  mean  speed.  Full  load  or 
overloads  may  be  entirely  thrown  on  or  off  ^Wthout  causing  more 
disturbance  than  a  momentary  surge  of  speed  of  about  4  per  cent, 
or  5  per  cent. 

43.  The  function  of  the  balancing  pistons  shown  at  P,  Fig.  304, 
is  to  neutralize  the  unbalanced  axial  thrust  resulting  from  the 
pressure  of  the  steam  acting  on  the  various  drums  of  the  turbine. 
These  are  equal  in  area  to  the  effective  area  of  the  turbine,  and 
are  subjected  to  the  same  pressure  by  means  of  equalizing  ports 
or  pipes,  E.  It  is  evident  that,  whatever  may  be  the  distribution  of 
pressures  mthin  the  turbine  due  to  var^ang  loads,  the  thrust  in  the 
direction  of  the  pistons  must  be  equal  to  that  in  the  direction  of 
the  blades,  "vvith  the  result  that  the  rotor  remains  practically  in 
equilibrium.  In  order,  however,  to  preserve  the  adjustment  of 
these  balance  pistons,   a  thrust  bearing  of  small   dimensions   is 
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pro'S'ided  at  the  end  of  the  shaft,  as  shown  at  T.  This,  however, 
should  be  caHed  an  alignment  bearing  rather  than  a  thrust  bear- 
ing, for  the  reason  that,  in  practice,  it  takes  no  thrust.  The  bal- 
ancing pistons  revolve  within  the  casings  vdth  a  close  fit,  but 
without  mechanical  friction,  and  their  peripheries  are  deeply  ser- 
rated, in  order  to  interpose  a  path  for  steam  attempting  to  leak 
past  the  pistons,  sufficiently  devious  to  render  loss  from  this  source 
as  small  as  possible. 

44:.  A  turbine  has  an  important  advantage;  that  local  tempera- 
ture conditions  vary  but  little  during  operation  and  on  steady  load 
are  absolutely  constant.  The  reversals  of  temperature  in  a  re- 
ciprocating engine  cylinder  have  no  equivalent.  Thus  the  tem- 
perature of  rotor  and  stator  is  at  all  points  approximately  equal 
to  that  of  the  steam  in  the  corresponding  expansion  stages.  Gen- 
erally the  stator  is  made  of  cast  iron  and  the  rotor  of  steel,  so  that 
the  differential  expansion  that  must  necessarily  exist  between  them 
has  the  effect  of  increasing  or  decreasing  the  axial  clearances  be- 
tween runing  blades  at  different  loads.  This,  however,  is  unim- 
portant with  this  type  of  turbine  because  of  the  ample  axial  clear- 
ances provided.  The  exhaust  end  of  the  turbine  is  bolted  to  the 
bedplate,  while  the  steam  end  is  provided  with  a  sliding  foot  work- 
ing between  machined  ways  on  the  bedplate,  so  as  to  permit  the 
turbine  to  expand,  as  it  will.  In  types  of  turbines,  however,  where 
small  axial  clearances  exist,  this  question  of  differential  expansion 
is  not  such  a  simple  matter. 

45.  It  has  been  advanced  that  the  blade  construction  employed 
in  the  Parsons  turbine  constitutes  an  element  of  complexity,  which 
also  is  not  conducive  to  low  cost  of  construction.  The  author  is, 
perhaps,  not  conveying  new  information  in  stating  that  the  blades 
are  rolled  out  from  special  bronze  or  steel  into  long  strips,  then 
sawed  into  the  proper  length,  and  finally  mounted  around  the 
periphery  of  the  rotor  and  the  stator  in  grooves  with  special 
separating  pieces,  the  whole  being  finally  caulked  in  position.  In 
practice,  it  is  found  that  ^vith  this  construction  the  blades  are 
never  released,  except  through  some  special  cause,  and  the  con- 
struction is  of  immense  advantage  in  minimizing  the  delays  due 
to  accidents.*     A  turbine  opencid  up  for  inspection  is  shown  in 


•  Such  accidents  are,  however,  of  rare  occurrence,  aud  one  that  may  be  attrib_ 
ute<l  to  tlifi  hla^ling  constructDn  has  yet  to  happen.  On  one  occasion  an  expand, 
ing  exhaust  pif)e,  whicli  had  Ix-en  too  firmly  anchored  at  the  lower  end,  occasioned 
sufficient  distortion  of  the  tarVjine  casing  to  destroy  several  rows  of  blades.     The 
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Fig.  oOS.  By  placing  the  shaft  in  a  sling,  the  rotor  can  be  lifted 
out  by  a  crane  and  the  entire  interior  examined.  Such  a  turbine 
can  be  taken  apart  and  completely  reassembled  inside  of  two 
hours,  which  cannot  be  said  of  many  types  of  prime  movers  now 
known  to  us. 

40.  In  view  of  the  widespread  discussion  upon  the  merits  of 
a  relieater  in  reciprocating  engine  work,  it  may  be  of  interest  to 
mention  the  results  of  its  application  to  steam  turbines.  The 
earlier  Westinghouse-Parsons  turbines  of  large  size  were  con- 
structed in  tandem  two-cylinder  form  for  the  purpose,  not  only  of 
reducing  the  span  between  bearings,  but  also  to  permit  the  intro- 
duction of  a  receiver  between  high-pressure  and  low-pressure 
cylinders,  the  arrangement  being  intended  to  separate  as  m.uch 
moisture  as  possible  resulting  from  adiabatic  expansion,  and  to 
superheat  the  remaining  steam.  Exhaustive  tests  have,  however, 
shown  the  relieater  to  be  of  little,  if  any,  value  in  increasing  the 
economy  of  the  turbine  when  the  high-pressure  steam  condensed 
in  the  relieater  coils  was  charged  up  against  the  turbine.  An  im- 
provement in  the  separator  resulted  in  an  improvement  in  the 
operation  of  the  relieater,  but,  notwithstanding  this,  no  advan- 
tage due  to  the  reheater  could  be  observed,  and  its  application 
does  not  seem  warranted,  on  account  of  the  decreased  compact- 
ness of  the  machine. 

47.  In  the  course  of  regular  operation  of  power  stations,  it  is 
not  an  unusual  occurrence  that  wet  steam  comes  over  from  the 
boilers,  due  to  foaming,  overfilling,  or  other  causes.  The  effects 
upon  reciprocating  engine  machinery  need  not  be  commented  upon 
here.  In  several  instances  of  turbine  plants,  slugs  of  water  com- 
ing over  from  the  boilers  have  been  known  to  bring  the  turbine 
almost  to  a  standstill,  but  without  any  apparent  damage  resulting. 
As  soon  as  the  water  passes  over  to  the  condenser,  the  turbine 
again  regains  its  speed.  The  effect  on  the  economy  of  entrained 
moisture  in  the  steam  has  been  found  to  increase  the  steam  con- 
sumption to  an  amount  about  twice  the  percentage  of  moisture  in 

turbine  was  immediately  shut  down,  the  casing  opened  and  the  debris  re- 
moved. It  wa.s  then  a;:,'-ain  juit  under  steam  and  continued  in  full  load  service 
during  the  day  without  further  trouble  or  apparent  effect  on  its  capacity.  At 
night,  after  extra  blading  had  arrived  from  the  factory,  the  machine  was  agaia 
ofK-ned  and  tlie  damaged  rows  replaced.  The  repairs  were  made  during  several 
short  stoppages  at  nights,  but  the  turbine  was  kept  in  uninterrupted  daily  opera- 
tion.    The  accident  only  kept  the  turbine  out  of  service  about  three  hours. 
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the  steam;  i.e.,  2  per  cent,  of  moisture  will  decrease  the  economy 
about  4  per  cent. 

48.  Finally  may  be  mentioned  the  system  of  lubrication  de- 
sirable with  turbine  outfits.  Essentially  a  point  in  mechanical 
design  and  independent  of  the  steam  cycle,  it  is  nevertheless  one 
on  which  the  successful  operation  of  any  machine  is  absolutely 
dependent.  Although  possessing  extraordinary  features  of  ex- 
cellence in  the  matter  of  securing  great  compactness  of  design, 
forced  lubrication,  as  ordinarily  understood  to  mean — oil  under 
high  pressure — does  not  seem  entirely  desirable.  In  the  Parsons 
type  of  turbine,  the  projected  areas  of  the  journals  are  propor- 
tioned so  that  the  entire  weight  of  the  rotating  element  may  be 
supported  upon  a  fluid  film  of  oil  through  capillary  action  alone. 
A  small  pump,  driven  from  a  worm  gear  upon  the  shaft,  circu- 
lates oil  through  a  closed  system,  comprising  in  the  order  of  their 
arrangement:  pump,  oil  cooler,  bearings,  and  reservoir.  The  oil 
is  always  applied  to  the  bearings  at  the  point  of  least  pressure; 
that  is,  it  enters  at  one  end  and  follows  a  groove  along  the  top  of 
the  shell,  from  which  it  is  distributed  around  the  shaft.  The 
pressure  impressed  upon  the  fluid  films  is  due  simply  to  a  static 
head  of  1  to  3  feet,  sufficient  to  insure  thorough  flushing  of  the 
bearings.  It  is  probable  that  the  shaft  never  comes  into  actual 
contact  with  the  bearings,  but  is  separated  by  the  oil  film.  This 
is  evident  by  the  fact  that  bearings  when  taken  out  for  inspection 
after  several  years'  continuous  run  are  found  to  be  subject  to 
practically  no  wear.  In  several  cases,  the  original  tool  marks 
upon  the  interior  of  the  shell  have  been  preserved. 

49.  The  benefits  resulting  from  the  employment  of  a  closed 
oil  circulating  system  and  large  bearing  areas  are  apparent  in  the 
cost  of  operating  a  turbine  in  regular  service.  As  a  result  of  in- 
quiries in  several  concerns  employing  Westinghouse-Parsons  tur- 
bine machinery,  it  has  been  elicited  that  a  turbine  ordinarily  con- 
sumes about  ^  gallon  of  high-grade  engine  oil  per  kilowatt  capac- 
ity per  year;  or,  in  other  words,  the  total  quantity  of  oil  used  per 
year  averages  about  100  gallons  for  a  400  kilowatt  turbine.  As 
this  oil  costs  from  25  to  50  cents  a  gallon,  the  expense  for  oil  for 
the  turbine  is  not  ordinarily  over  7|  to  12J  cents  a  day,  and  even 
this  is  not  all  directly  chargeable  to  the  turbine,  as  it  is  common 
practice  to  utilize  the  oil  which  is  removed  from  the  circulating 
system  on  auxiliaries  and  other  low-speed  machinery. 

50.  It  is  well  known  that  flexible  bearings  are  employed  on 

48 


740  SOME   CONSIDERATIONS   IN    STEAM   TURBINE   WORK. 

Parsons  turbines  of  small  sizes  in  order  to  permit  tlie  rotor  to 
revolve  about  its  gravity  instead  of  its  geometric  axis,  this  being 
necesary  at  the  high  speeds  employed  in  order  to  neutralize  the 
effect  of  minute  errors  in  the  balancing  of  the  disks.  The  flex- 
ible bearings  consist  of  a  nest  of  concentric  bronze  sleeves  mth 
sufficient  clearance  between  them  to  permit  the  formation  of  oil 
films,  which  act  as  cushions,  permitting  a  certain  amount  of  vibra- 
tion of  the  shaft,  but  at  the  same  time  restraining  such  vibration 
within  narrow  limits.  In  the  larger  sizes  of  turbines,  however, 
and,  in  fact,  for  all  machines  running  below  1,200  revolutions 
per  minute,  the  flexible  bearing  is  no  longer  found  necessary,  and 
is  replaced  by  a  solid  split  self-aligning  journal,  lined  with  anti- 
friction metal,  as  in  the  ordinary  forms  of  low-speed  machinery. 

Turbine  Generators : 

51.  It  is  an  interesting  fact  that,  omng  to  the  introduction 
of  steam  turbines,  the  general  characteristics  of  generating  ap- 
paratus have  been  modified  to  a  wide  extent,  and  in  points  of 
running  speeds  have  returned  to  the  practice  of  the  first  builders 
of  electrical  machinery.  Owing  to  the  restrictions  placed  upon 
the  designers  by  reciprocating  engine  speeds,  the  dimensions  and 
bulk  of  engine  type  generating  machinery  have,  of  late  years,  be- 
come enormously  increased:  similarly,  the  cost  of  construction. 
With  the  advent  of  the  turbine,  however,  speeds  have  been  in- 
creased to  such  a  point  as  to  secure  in  the  generator  construction 
minimum  bulk  and  cost  consistent  with  strength  and  durability.* 

52.  The  turbine  generator  is  more  easily  applied  to  alternating 
current  work,  for  the  reason  that  commutation  difficulties  in- 
volved in  direct  current  machinery  running  at  high  speeds  are 
avoided.  The  preferable  construction,  therefore,  comprises  ro- 
tating field  and  stationary  armature.  In  present  turbine  genera- 
tors the  armature  construction  is  not  essentially  different  from 
that  of  the  ordinary  engine  type  machines.  In  the  construction 
of  the  field,  however,  the  centrifugal  stresses  necesitate  a  con- 

*A  pertinent  comparison  may  be  made  in  the  two  types  of  5,000  Isilowatts 
generators  which  will  form  the  power  equipment  of  the  Rapid  Transit  Subway  in 
New  York  City.  The  engine  type  generators  run  at  75  revolutions  per  minute, 
are  approximately  40  feet  in  diameter  and  vveigh  980,000  pounds.  The  turbine 
generators,  on  the  other  hand,  run  at  750  revolutions  per  minute,  are  13  feet,  6 
inches  in  diameter,  and  weigh  234,000  pounds,  the  weight  of  journals  and  shaft 
excluded  in  each  case.  The  engine  type  generators  have  40  poles,  and  the  turbo- 
generators four,  giving  the  same  frequency — 25  cycles  per  second. 
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struction  of  greater  inherent  strength.  Recent  practice  embraces 
two  designs — one  of  built  up  form — used  in  fields  having  six  or 
more  poles,  and  the  other  of  a  solid  steel  casting  thoroughly  an- 
nealed, bored  for  the  reception  of  the  shaft,  and  slotted  axially 
for  the  reception  of  bar  or  strap  windings  which  are  insulated 
and  confined  in  position  by  wedges. 

53.  The  turbine,  however,  makes  possible  the  use  of  a  still  fur- 
ther type  of  generator,  which,  although  presenting  difficulties  in 
design  at  ordinary  engine  speeds,  becomes  ideally  suited  for  direct 
connection  to  the  turbine,  both  by  reason  of  its  electrical  charac- 
teristics and  its  inherent  strength  of  mechanical  construction.  It 
is  well  known  that,  if  the  ordinary  squirrel  cage  induction  motor 
runs  below  synchronism  with  the  system  upon  which  it  is  oper- 
ated, it  will  absorb  power  from  that  system  proportionate  to  the 
slip  or  drop  in  speed.  If  it  is  run  in  synchronism  therewith  by 
external  means,  it  will  absorb  no  power;  and  if  run  above  syn- 
chronism, it  will  become  a  generator  and  return  electric  power  to 
the  system. 

54.  When  running  below  synchronism,  the  greater  part  of  the 
current  absorbed  by  the  motor  appears  as  power,  but  a  small  part 
is  consumed  within  the  motor  itself  in  magnetizing  its  rotating 
field.  When  run  above  synchronism,  the  motor,  now  a  generator, 
still  requires  magnetizing  current  from  the  line  to  which  it  is  con- 
nected. It  is,  therefore,  incapable  of  operating  by  itself,  and 
must  be  run  in  connection  with  synchronous  machinery  capable 
of  supplying  its  magnetizing  current  and  controlling  the  fre- 
quency of  the  system. 

55.  The  induction  or  non-synchronous  generator,  unfortu- 
nately, imposes  a  lagging  curent  upon  the  supply  system,  but  the 
power  factor  can  be  brought  within  a  few  per  cent,  of  unity,  so 
that  the  effect  upon  the  system  may  be  readily  neutralized.  Its 
peculiar  electrical  characteristics  impose  limitations  upon  its  gen- 
eral use  for  power  station  work,  but  when  employed  in  conjunc- 
tion with  synchronous  apparatus,  such  as  ordinary  alternators, 
synchronous  motors  and  rotary  converters,  it  becomes  peculiarly 
suitable  for  extension  to  a  power  system  in  which  the  limit  of 
generator  capacity  has  already  been  reached.  With  the  appa- 
ratus mentioned,  particularly  \vith  synchronous  motors  and  ro- 
tary converters,  a  sufficient  leading  current  may  be  impressed 
upon  the  system  by  over-exciting  the  fields  of  these  machines  to 
entirely  neutralize  the  effects  of  the  magnetizing  currents  required 
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by  the  induction  generator,  so  that,  in  general,  if  existing  appa- 
ratus is  ample  to  care  for  existing  inductive  loads  with  reasonable 
margin,  the  induction  generator  can  be  employed  to  great  advan- 
ta2:e. 

56.  A  feature  which  is  particularly  favorable  in  rendering  it 
suitable  for  turbine  driving  is,  that  by  largely  reducing  the  num- 
ber of  poles  the  magnetizing  currents  may  be  largely  reduced. 
For  this  reason,  the  limitations  of  the  induction  generator  occur 
largely  in  the  direction  of  bulk  rather  than  otherwise.  As  it  must 
operate  at  the  comparatively  high  speed  of  the  turbine,  it  is  thus 
possible  to  reduce  the  number  of  poles  to  a  few  pairs,  so  that  the 
losses  above  mentioned  are  minimized  and  the  generator  becomes 
commercially  practicable.  And  as  the  squirrel  cage  construction 
of  the  rotor  is  peculiarly  well  suited  for  high  speed  work,  we  are 
fortunate  in  having  here  one  of  the  few  cases  in  which  the  elec- 
trical and  mechanical  conditons  governing  generator  and  prime 
mover  are  almost  exactly  suited  to  each  other.  In  general,  the 
higher  the  speed  at  which  the  machines  can  be  safely  operated, 
the  less  the  material  necessary  and  the  smaller  the  losses,  result- 
ing in  an  extraordinarily  high  efficiency  and  power  factor. 

57.  For  example,  ^vith  a  two-pole  60-cycle  induction  generator  of 
500  kilowatts,  running  at  3,600  revolutions,  the  power  factor 
may  be  brought  as  high  as  98  per  cent,  or  higher  at  full  load,  and 
the  total  efficiency  will  be  far  greater  than  that  of  present  gener- 
ating machinery. 

Economy : 

58.  As  one  of  the  principal  claims  which  the  turbine  makes 
is  economy  of  steam,  and  consequently  of  fuel,  a  few  observations 
may  be  made  upon  this  subject.  As  is  well  known,  high  economy 
lias  been  obtained  with  the  turbine  operating  under  favorable 
conditions,  but  as  abstract  figures  of  steam,  heat  or  fuel  consump- 
tion rarely  convey  an  adequate  idea  of  the  actual  merits  of  the 
prime  mover  in  question,  it  is  necessary  to  examine  the  conditions 
under  which  these  results  were  obtained. 

The  table  of  tests  appended  hereto  has  been  prepared  with  a 
view  to  presenting  in  as  concise  shape  as  possible,  the  results  of 
several  hundred  tests  upon  turbines  of  all  sizes  and  under  all  con- 
ditions of  operation,  the  headings  being  arranged  with  reference  to 
these  conditions.  The  tests  were  conducted  in  the  testing  depart- 
ment of  the  Westinghouse  Machine  Company  at  East  Pittsburg, 
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where  eveiy  turbine  put  through  the  shops  is  thoroughly  tested 
before  shipment. 

50.  Cohimns  51  and  52  give  results  under  moderately  favor- 
able conditions — 150  pounds  steam  pressure,  28  inches  vacuum 
and  ISO  degrees  superheat;  and  in  columns  1  and  3  will  be  found 
tests  under  decided ly  unfavorable  conditions — 125  pounds  press- 
ure, 26  inches  mercury  vacuum  and  saturated  steam. 

00.  A  plan  of  the  testing  department  is  shown  in  Fig.  369,  and 
provides  facilities  for  the  accommodation  of 

Four  turbines  of  small  capacity  up  to  500  kilowatts. 
Four  turbines  of  2,000  kilowatt  capacitj. 
Two  turbines  of  5,000  kilowatt  capacity. 
The  latter  foundations  at  this  time  are  not  yet  complete. 

61.  This  is  somewhat  of  a  radical  departure  in  manufacturing 
methods  and  entirely  unprecedented.  At  present,  it  is  unusual 
practice  among  generator  builders  to  determine  efficiency  in  large 
machinery  by  other  than  the  motor-generator  method,  and  in  the 
largest  sizes,  such  as  the  5,000  kilowatt  Manhattan  generators, 
the  machines  are  not  even  turned  over  in  the  factory;  similarly, 
engines  above  500  to  1,000  horse-power  are  seldom  tested  in  the 
shop,  and  the  larger  sizes  are  shipped  without  having  steam  turned 
into  them.  It  is  thus  of  peculiar  interest  that  the  largest  turbine 
units  will  be  tested  under  steam  at  the  shops.  The  testing  equip- 
ment comprises  boiler  plant,  a  gas-fired  superheater  and  four  in- 
dependent surface  condenser  outfits,  ranging  in  size  from  1,600 
square  feet  up  to  10,000  square  feet  surface. 

62.  The  condensers,  with  the  exception  of  the  smallest,  are  all 
of  the  "  counter  current ''  type,  exhaust  steam  being  admitted 
from  beneath.  The  condensed  water  is  received  in  a  hot  well 
located  belov/  the  condensers,  and  air  is  withdrawn  from  the  top 
by  two  stage  dry  vacuum  pumps.  These  are  capable  of  main- 
taining a  vacuum  within  half  an  inch  of  the  barometer,  with  a 
closed  suction.  The  vacuum  with  the  condenser  in  operation  de- 
pends, of  course,  upon  the  temperature  condition  Avithin  the  con- 
denser. 

63.  Tests  are  made  by  means  of  brakes  or  by  electric  genera- 
tors as  desired.  For  tlie  latter,  large  water  rheostats  are  avail- 
able, while  for  the  former,  a  special  form  of  water  friction  brake 
has  been  devised  which  has  proven  extremely  flexible  in  its  ap- 
plication, and  of  great  value. 

64.  Steam  consumption  is  determined  by  weighing  condensa- 
tion in  the  usual  manner.     Vacuum  readings  are  all  reduced  to  a 
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basis  of  30  inches  of  mercury  necessitated  by  the  elevation  of 
Pittsburg. 

65.  The  tests  shown  in  columns  38  to  43  of  the  table,  are 
plotted  in  Fig.  367.  This  curve  embodies  the  results  of  the  intro- 
duction of  the  secondary  governor  valve,  and  shows  a  remarkable 
range  of  load  with  high  economy. 

6G.  Some  brake  tests  of  a  1,250  kilowatt  turbine  are  plotted  in 
Fig.  370,  with  vacua  ranging  from  25  inches  to  28  inches,  and 
clearly  show  the  effect  of  vacuum  and  superheat. 

67.  Fiff.  371  and  columns  93  to  100  show  some  electrical  tests 
on  a  similar  machine,  these  having  been  verified  by  Mr.  Julian 
Kennedy,  Consulting  Engineer  of  Pittsburg. 

68.  Fig.  372  sliows  the  plotted  results  of  tests  carried  out  at  the 
Westinghouse  Machine  Company's  works  by  Mr.  F.  W.  Dean  of 
the  firm  of  Dean  &  Main,  and  sliows  a  very  good  performance  for 
a  small  machine. 

69.  The  general  appearance  of  these  curves  might  possibly 
give  the  impression  of  a  poor  economy  at  lighter  loads,  especially 
to  engineers  who  have  been  accustomed  to  considering  engine 
perfonnance  on  a  basis  of  indicated  horse-power.  Allien  they 
consider  such  performance  on  a  basis  of  brake  or  electrical  horse- 
power, they  readily  make  a  mental  correction  between  brake  or 
electrical  horse-power  and  indicated  horse-power  at  full  load, 
but  seldom  realize  the  fact  that  the  mechanical  efficiency  is  much 
poorer  at  fractional  loads  than  at  full  loads. 

70.  It  may  be  said  that  the  mechanical  losses  of  an  engine  are 
approximately  constant  at  all  loads,  and  assuming  this,  an  engine 
that  has  94  per  cent,  mechanical  efficiency  at  full  load,  has  an 
efficiency  of  but  88.6  per  cent  at  half  load,  and  at  quarter  load  of 
79.8  per  cent.  To  exhibit  this.  Fig.  373  has  been  prepared  with 
two  of  the  tests  already  shown  in  Fig.  372  plotted  again  with  the 
curves  C  and  D  added.  The  method  of  plotting  curves  C  and  D 
has  been  as  follows:  Take,  for  instance,  curve  C: 

From  tests,  brake  horse-power  at  rated  full  load =  593.17 

Internal  horse- rx)wer  = ^. — =  G31.03 

.94  

l»ss,  liorse-power 37 .  86 

This  loss  has  been  assumed  constant  at  all  loads. 


Total  steam,  jK>unds  per  hour 8,249. 

8,249 
031^03 


8  249 
Pounds  steam  per  indicated  horse-power  hour rn  f\o         =13.08 


Pounds  .steam  x>er  indicated  horse-power  hour,  when 

doing,  say,  300  brake  horse-powar SOCT i  37  86  —^^-^^ 
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In  this  wav  curves  C  and  D  show  an  indicated  horse-power  per- 
fonnance  at  light  loads  that  is  particuh^rly  good. 

71.  In  cohimns  122,  123  and  124,  are  shown  some  tests  on  a 
2,000  kik->watt  turbine  tested  under  high  operating  conditions. 
The  turbine,  however,  is  of  the  Parsons  type,  and  was  built  by 
Bro^AHi-Boveri  &  Company  for  the  Municipal  Electric  Power  Sta- 
tion for  Frankfui*t-on-Main. 

72.  From  these  curves  and  table  of  tests  may  be  gleaned  a 
number  of  interesting  facts  which  it  may  be  worth  while  to  point 
out  here. 

73.  First.  The  AVillans  line  or  curve  of  total  water  consump- 
tion is  approximately  a  straight  line  at  all  points  up  to  the  open- 
ing of  the  secondary  governor  valve  on  heavy  overloads.  This 
relation  has  an  immediate  thermodynamic  meaning  and  points  to 
the  utilization  of  steam  in  the  turbine  with  the  same  internal 
efficiency  at  all  loads;  or,  in  other  words,  that  the  losses  in  the 
turbine  from  all  causes,  thermal,  thermodynamic  and  mechanical, 
are  approximately  constant  at  all  loads. 

74.  Second.  The  necessity  of  liigh  vacua  and  high  superheat 
is  not  essential  to  high  economy,  as  has  been  before  alluded  to. 
This  is  shown  in  tests  of  a  400  kilowatt  turbine  under  2G  inch 
vacuum,  125  pounds  pressure  and  saturated  steam.  A  water  rate 
of  15.41  pounds  per  B.  IT.  P.  was  obtained,  which,  although  not 
remarkable,  would  seem  to  bear  out  the  supposition  of  small  fluid 
frictional  losses  within  the  turbine.  Another  result  of  14.4 
pounds  steam  per  B.  11.  P.  hour,  obtained  with  a  1,250  kilowatt 
turljine  operating  with  150  pounds  boiler  pressure  and  25  inches 
vacuum  is  of  interest. 

75.  Third.  The  gradual  improvement  in  economy  with  an  im- 
provement in  operating  conditions  is  well  brought  out  by  the 
tests  on  the  1,250  kih>\vatt  turbine.  See  Pigs.  370  and  371.  By 
increasing  the  vacuum  from  27  inches  to  28  inches,  and  the  tem- 
perature of  the  steam  from  that  corresponding  to  dry  saturation 
to  77  degrees  Fahr.  superheat,  the  full  load  steam  consumption 
was  reduced  from  14.6  pounds  to  13.2  pounds  per  E.  II.  P.  hour. 

Foundations  and  Povjer  Plant  Designs: 

76.  With  steam  turbines,  practically  no  foundations  are  neces- 
sary, merely  something  that  will  uphold  the  dead  weight  of  the 
machine.  Foundation  bolts  are  never  used  except  on  shipboard. 
Oi>eration  of  turbines  on  light  flooring  is  entirely  satisfactory, 
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thus  permitting  their  being  phiced  on  upper  floors  of  buildings. 
This  also  permits  of  the  condensing  plant  being  located  imme- 
diately below  the  turbine,  by  this  means  the  total  plant  occupy- 
ing the  minimum  amount  of  floor  space. 

This  is  the  construction  made  use  of  in  the  new  power  house  of 
the  Westinghouse  Electric  and  Manufacturing  Company. 

77.  Some  condenser  layouts  have  been  prepared  embodying  the 
above  principk^s.  Fig.  374  shows  an  engine-room  layout  for  four 
400  kilowatt  turbines,  all  exhausting  into  a  central  surface  con- 
denser of  7,000  square  feet  cooling  surface.  The  condenser  equip- 
ment consists  of  a  dry  vacuum  pump,  circulating  pump  and 
condensed  water  pump,  and  is  suitable  for  maintaining  28-inch 
vacuum.  Allowing  ample  space  for  passageways,  etc.,  the  engine- 
room  covers  a  space  of  35  feet  by  26  feet.  The  basement  is  14.6 
feet  deep.    Turbines  are  placed  at  7  feet  10-inch  centres. 

78.  A  simihir  layout,  shown  in  Fig.  375,  embraces  four  1,000 
kilowatt  turbine  generators.  In  this  case,  the  condenser  equip- 
ment consists  of  a  surface  condenser  of  4,000  square  feet  surface, 
a  circulating  pum2:>  and  a  condensed  \vater  pump  for  each  turbine. 
Two  air  pumps  are  shown,  either  one  of  which  is  big  enough  to 
take  care  of  the  whole  plant.  In  this  case,  the  engine-room 
occupies  a  space  of  59  feet  by  36  feet,  the  basement  being  18  feet 
deep,  turbines  being  placed  at  13  feet  centers. 

70.  A  larger  engine-room  layout  is  similarly  shown  in  Fig.  376, 
consisting  of  four  5,500  kilowatt  turbines.  Here  each  turbine  is 
equipped  ^nth  a  complete  separate  condensing  outfit,  the  con- 
densers each  having  20,000  square  feet  surface.  The  engine- 
room  occupies  100  feet  by  61  feet,  and  the  basement  is  23  feet 
deep.     The  turbines  are  placed  at  22  feet  6  inch  centers. 

Tabulating  the  above  figures,  we  have 


Naml>er  of 
Unita. 

Normal  capacity 

of  each  unit 

K.W. 

Normal  capacity 

of  En<(ine 

Room  K.W. 

Square  feet  area 
f)f  engine  room. 

K.W.  capacity 
per   square  foot 
of  engine  room. 

Square  foot  of 

engine  room 

perE.H.P. 

4 
4 

4 

400 
1,000 
5,000 

1,600 
4,000 

22,000 

910 
2,124 
6,100 

1.76 

1.88 
3.60 

.424 

.396 

.207 

It  will  be  observed  that  means  are  j)rovided  in  all  these  cases 
for  operating  any  one  of  the  turbines  non-condensing. 

In  all  these  layouts  surface  condensers  have  been  shown,  be- 
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cause  it  is  presumable  surface  condensers  will  be  more  frequently 
employed  in  connection  \vitli  turbines  than  other  types,  if  only 
because  of  the  advantage  of  absolutely  clean  feed  water. 

80.  It  is  claimed  by  condenser  builders  that  with  modern  dry 
vacuum  pumps,  and  a  closed  hot  well  system,  that  a  better  vacuum 
can  be  obtained  than  with  a  jet  condenser,  due  to  the  fact  that  the 
feed  water  does  not  become  aerated. 

81.  The  cost  of  operating  a  surface  condenser  can,  imder  favor- 
able conditons,  be  kept  very  small,  especially  when  the  circulat- 
ing water  does  not  have  to  be  raised  to  any  height. 

82.  A  jet  condenser,  on  the  other  hand,  has  to  do  work  in 
order  to  expel  the  cooling  water  against  nearly  an  atmospheric 
pressure,  according  to  the  vacuum ;  but  is  a  considerably  simpler 
piece  of  apparatus  is  less  costly  and  is  generally  not  subject  to 
electrolytic  troubles  that  are  sometimes  incidental  to  surface  con- 
densers. 

83.  Barometric  condensers  make  a  very  suitable  type  of  con- 
denser for  large  vertical  engines,  especially  when  the  steam  can 
get  direct  to  the  condenser  without  having  to  be  carried  upward. 

84.  With  turbines,  in  connection  with  this  type  of  condenser, 
the  author  has  observed  that  some  work  is  required  to  carry  the 
water  in  the  exhaust  steam  to  the  top  of  the  condenser. 

85.  In  one  instance  this  was  carefully  observed  in  connection 
mth  a  1,500  kilowatt  turbine.  The  exhaust  left  the  turbine  cvl- 
inder  at  the  bottom  by  means  of  two  elbows  and  about  six  feet 
of  horizontal  pipe,  passing  up  a  vertical  pipe  to  the  condenser. 
Except  on  fairly  heavy  loads,  the  horizontal  pipe  had  water  in  it, 
observed  by  a  gauge.  The  amount  of  this  water  may  be  said  to 
have  been  a  measure  of  the  load.  The  back  pressure  due  to  this 
piece  of  pipe  and  two  elbows,  together  with  the  water  laying  in  the 
bottom,  amounted  to  |-  inch  mercury  with  steady  load. 

86.  If  the  load  became  less,  the  back  pressure  would  disap- 
pear until  more  water  collected  in  the  pipe  and  the  same  J  inch 
back  pressure  would  be  reestablished. 

87.  If,  on  the  other  hand,  the  load  increased,  this  back  press- 
ure would  rise  sometimes  to  as  high  as  1  inch,  until  the  water 
could  be  carried  away,  when  it  would  fall  back  again  to  about 
the  same  f  inch. 

88.  As  turbines  can  expand  down  to  the  utmost  limits  of  ex- 
haust pressure — it  is  desirable  to  give  the  turbine  every  advan- 
tage in  this  respect — hence  it  is  well  to  avoid  carrying  the  exhaust 

49 
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up  hill,  tlius  giving  the  water  that  must  necessarily  exist  in  the  ex- 
haust, an  opportunity  to  drain  and  keep  the  exhaust  pipe  free. 

SO.  While  the  author  has  endeavored  to  point  out  that  high 
vacuums  are  not  necessary  to  the  successful  operation  of  steam 
turbines,  the  higher  economy  obtained  with  high  vacuum  war- 
rants the  condenser  problem  being  carefully  considered. 

It  will  be  seen  by  the  table  of  tests,  that  each  inch  of  vacuum 
above  20  inches  will  benefit  the  economy  from  3  per  cent,  to  4 
per  cent. 

00.  Assuming  a  1,500  Idlowatt  turbine,  operated  at  full  load 
for  a  day  at  28  inches  vacuum  instead  of  26  inches  vacuum,  it 
will  save  approximately  1  pound  of  steam  per  horse-power  per 
hour,  or  48,000  pounds  a  day  of  twenty-four  hours.  If  we  allow 
for  one  pound  of  coal  costing  $2  per  ton,  and  evaporating  7  pounds 
of  water,  this  ^vill  mean  a  saving  of  6,875  pounds  of  coal,  repre- 
senting a  daily  saving  of  $6.87  or  $2,061  a  year.  Thus  the  differ- 
ence between  the  two  condenser  investments,  being  $4,000,  would 
accordingly  pay  interest  of  about  50  per  cent.,  due  to  the  saving 
in  coal. 

91.  Such  figures  as  these,  however,  are  of  no  practical  value, 
because  of  the  time  a  power  plant  is  running  at  fractional  loads, 
but  nevertheless,  it  is  apparent  that  it  is  worth  while  to  employ 
high-class  condensers.  A  point,  however,  which  should  not  be 
lost  sight  of  is,  that  the  higher  vacuum  gives  a  greater  percentage 
gain  in  economy  at  fractional  loads  than  at  full  loads.  In  this 
matter  must  be  considered  the  extra  cost  of  operating  with  a  high 
vacuum. 

With  air  leaks  eliminated  and  a  closed  hot  well  system,  the  air 
})unii)  should  take  no  more  power  because  of  high  vacuum. 

A  dry  air  pump  will  obviously  be  doing  no  work  beyond  its 
own  friction  when  there  is  no  vacuum  in  the  condenser.  Simi- 
larly, it  will  be  doing  no  work  when  there  is  a  perfect  vacuum  in 
the  condenser,  provided  there  are  no  air  leaks. 

It  may  be  interesting  to  record  that  the  maximum  load  when 
the  air  pump  is  started  comes  on  when  the  vacuum  is  about  20 
inches  to  21  inches. 

1»2.  With  tlie  circulating  water  pump,  however,  the  matter  is  dif- 
ferent, as  it  will  have  approximately  two  or  three  times  as  much 
watf' r  to  handle,  according  to  its  inlet  temperature,  with  the  higher 
vacuum.  The  power  required  to  do  this  varies  in  individual  cases, 
but  it  often  happens  that  the  water  can  be  returned  to  the  same 
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level  from  which  it  has  been  taken,  such  that  the  circulating  water 
system  forms  a  syphon,  and  the  pump  has  only  the  fluid  friction 
of  the  pipes  and  condenser  tubes  to  overcome. 

93.  Fig.  377  shows  a  5,500  kilowatt  turbine,  similar  to  those 
referred  to  above,  in  course  of  construction.  A  good  idea  of  its 
final  appearance  is  given  in  Fig.  378.  Its  overall  dimensions,  in- 
cluding generator,  are  47  feet  3  inches  by  16  feet  by  14  feet. 
Maximum  overload  capacity,  13,000  horse-power.     On  this  basis 
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Fig.  381. — Plans  Showing  Condenser  Akkangement,  Cleveland  .S: 
Southwestern  Traction  Co.,  Elykia,  Ohio, 

we  have  over  17  horse-power  to  a  square  foot,  including  the  gen- 
erator.    The  speed  Avill  be  750  revolutions  per  minute. 

In  closing  it  may  be  appropriate  to  make  passing  comment  on  a 
few  typical  turbine  installations  now  in  operation. 

1)1.  Y\z.  379  shows  the  turbine  installation  at  the  Cleveland 
and  Southwestern  Traction  Company's  poAver  house  at  Elyria. 
This  machine  has  been  successfully  in  operation  since  early  in 
Xovember,  1903,  at  times  carrying  the  whole  load  of  the  station 
amounting  to  1,600  or  1,700  kilowatts,  during  tlie  disablement  of 
the  reciprocating  engines. 
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95.  A  plan  of  the  power  house,  Figs.  380  and  381,  shows  the 
relative  amount  of  room  occupied  by  the  turbines  and  recipro- 
cating engines.  The  condensers  and  foundations  are  shown  in 
Fig.  381,  the  condensers  being  placed  immediately  below  the  tur- 
bines, and  the  outer  edges  of  the  turbine  bedplate  being  supported 
on  narrow  concrete  walls. 

96.  Fig.  382  shows  the  power  plant  of  the  West  Penn  Eailwaj 
&  Lighting  Company  at  Connellsville  with  three  1,000  kilowatt 
units  now  in  operation.  Reciprocating  engines  of  similar  capac- 
ity are  shown  in  the  background. 

A  plan  of  this  station  is  shown  in  Fig.  383.  Here,  again,  the 
space  occupied  by  the  turbines,  in  comparison  with  reciprocating 
engines  of  similar  power,  is  exempliiied. 

97.  A  400  kilowatt  turbine  plant,  installed  at  the  Yale  & 
Towne  ^Manufacturing  Company,  is  shown  in  Fig.  384.  This  par- 
ticular plant,  which  has  since  been  increased  by  the  addition  of  a 
turbine  of  equal  capacity,  was  the  subject  of  Mr.  Waldron's  paper 
in  June,  1903. 

Fig.  385  shows  a  400  kilowatt  turbine  installed  at  the  Johnston 
Harvester  Company. 

98.  Many  other  installations  might  be  mentioned,  which  would 
only  serve  to  exemplify  further  such  features  of  the  steam  tur- 
bine as  have  already  formed  the  basis  of  this  paper. 

Suffice  it  to  say  that  at  present  there  are  in  operation  and  in 
course  of  erection  in  this  country,  in  sizes  ranging  from  400  to 
2,000  kilowatts,  43  turbines  of  the  Westinghouse-Parsons  type, 
the  total  capacity  of  which  approximates  27,000  kilowatts. 

There  are  also  under  construction  at  East  Pittsburg,  in  various 
sizes  to  a  maximum  capacity  of  5,500  kilowatts,  turbines  aggre- 
gating 69,400  kilowatts. 

The  output  of  one  builder,  including  machines  in  operation, 
reaches  a  total  of  111  turbines,  aggregating  96,400  kilowatts;  or 
an  average,  per  unit,  of  868  kilowatts. 

The  foregoing  record  is  convincing  that  the  application  of  the 
steam  turbine  to  general  power  work  is  permanently  established. 

DISCUSSION. 

Mr.  F.  A.  Waldron. — Mr.  Hodgkinson's  paper  refers  to  the  de- 
sirability of  very  high  vacua.  This  is  exceedingly  desirable,  in 
so  far  as  the  water  rate  per  hour  is  concerned,  for  the  turbine 
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itsolf.  Tlio  point,  however,  to  be  considered  by  tlie  plant  opera- 
tor is,  does  it  pav,  as  a  whole,  to  run  at  an  abnormally  high 
vacuum. 

With  the  apparatus  at  my  disposal,  I  have  been  able  to  obtain 
as  hig-li  as  29 J  inches  of  vacuum  referred  to  barometer.  The 
cost,  however,  of  nuiintaining  this  vacuum  does  not  compensate 
for  the  additional  economy  obtainable  in  the  turbine.  This  is 
especially  true  where  surface  condensers  are  used  and  the  water 
of  condensation  is  returned  to  the  boilers. 

After  a  number  of  complete  tests,  it  is  doubtful  if,  in  a  major- 
ity of  cases,  where  surface  condensers  are  used  it  is  expedient 
to  attempt  vacua  above  28  inches.  Undoubtedly,  there  are  con- 
ditions that  might  warrant  carrying  higher  vacua  than  this, 
but  it  is  a  matter  which  should  be  carefully  considered  and  looked 
into  by  all  who  are  running  (or  contemplate  running)  their  plant 
^^^th  a  turbo-generator. 

I  had  occasion,  last  June,  to  refer  in  a  casual  way  to  super- 
heat in  turbine  exhaust.  Since  presenting  that  paper,  the  con- 
densing apparatus  and  arrangement  of  piping  have  been  entirely 
changed.  I  have  made  several  tests  relative  to  superheat  in  the 
turbine  exhaust,  and  have  found  that,  under  proper  conditions  of 
piping  and  condensing  apparatus,  the  temperature  in  the  ex- 
haust of  the  turbine  does  not  vary  more  than  one  or  two  degrees 
either  way  from  the  theoretical  temperature  of  the  vacua,  with 
loads  varying  from  .75  to  1.25  of  the  nominal  capacity  of  gene- 
rator. 

^fr.  E.  Meden. — In  paragraph  2,  Mr.  Hodgkinson,  in  speak- 
ing of  the  ideal  turbine  element,  selects  the  Pelton  wheel  as 
representing  the  ideal,  ^'  because  it  may  be  capable  of  giving 
a  complete  reversal  to  the  jet,  so  that  the  spent  fluid  may  issue 
from  the  hurkeU  without  any  velocity. ^^ 

I  do  no<t  think  a  reversal  of  the  jet  represents  the  ideal  condi- 
ions,  although  a  complete  reversal  of  its  relative  velocity  may 
1><;  necessary  in  Mr.  Ilodgkinson's  ideal  turbine.  However,  it  is 
difficult  to  comprehend  a  fluid  issuing  without  any  velocity,  and 
hence  we  must  even  in  the  ideal  case  assume  an  angle,  however 
small,  between  the  discharging  edge  of  the  bucket  and  the  place 
of  rotation  of  the  wheel.  Further,  a  tangential  jet  is  only  pos- 
sible if  a  single  stationary  element  of  the  elementary  turbine 
of  the  Pelton  type  is  considered,  whereas  we  here  deal  with  the 
continual  process  of  ideal  energy  transmission.     This  will  bring 
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other  types  of  turbine  wheels  within  the  soope  of  ideal  repre- 
sentation. 

In  paragraph  4,  Mr.  Hodgkinson  speaks  of  the  difficulty  of 
obtaining  most  efficient  velocity  of  turbine  wheels  on  account 
of  limitations  of  strength  of  materials.  While  there  undoubt- 
edly is  a  limit  to  the  strength  of  materials,  there  is,  however,  no 
limit  to  the  strength  of  structures  of  such  materials  if  properly 
designed.  That  the  turbine  wheel  is  no  exception  to  this  rule 
is  stated  in  the  paper  on  the  De  Laval  turbine  before  this 
meeting. 

The  effect  of  the  reduced,  peripheral  velocity  in  the  cited  case 
of  a  De  Laval  turbine  running  32  per  cent,  below  speed  (it  actu- 
ally runs  27^  per  cent  below  the  speed  for  maximum  efficiency) 
is  a  reduction  in  efficiency  of  only  7^  per  cent.  Thus,  to  meet  a 
convenient  design  a  considerable  reduction  in  the  peripheral 
velocity  can  be  made  without  materially  affecting  the  efficiency. 

In  paragraph  6,  Mr.  Hodgkinson  states  that  East  Pittsburgh 
experiments  show  the  velocity  to  be  higher,  and  the  ratio  between 
the  initial  pressure  and  the  pressure  in  the  throat  of  the  nozzle 
to  be  lower  with  lower  initial  pressure.  This  is  contrary  to 
experiments  made  by  Professor  Zeuner  and  others. 

During  the  Pittsburgh  test  was  the  quality  of  the  steam 
observed  ? 

In  paragraphs  6  and  7,  Mr.  Hodgkinson  speaks  further  of  the 
expansion  of  steam  in  the  De  Laval  nozzle.  It  is  well  always 
to  bear  in  mind  that  this  nozzle  consists  of  two  essential  parts, 
i.  e.,  the  converging  and  the  diverging.  The  steam  is  expanded 
in  both  of  these  parts. 

In  j^aragraph  7  particularly  Mr.  Hodgkinson  states  that  be- 
cause the  work  done  by  the  expanding  steam  varies  directly 
as  the  square  of  the  velocity,  the  volume  of  the  steam  increases 
much  more  rapidly  than  the  velocity.  I  presume  this  relates  to 
the  diverging  part  of  the  De  Laval  nozzle. 

In  the  converging  part  the  work  done  also  varies  as  the  square 
of  the  velocity,  but  here  the  velocity  increases  more  rapidly  than 
the  volume. 

In  paragraphs  18  and  19,  Mr.  Hodgkinson,  in  discouraging  the 
use  of  high-^steam  velocities,  seems  to  draw  some  hasty  conclu- 
sions from  Stodola's  reference  to  the  Levicki  test  of  a  30  horse- 
power De  Laval  turbine. 

In  using  Levicki's  results  it  must  not  be  forgotten  that  these 
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tests  do  not  separate  the  skin  friction  of  the  wheel  and  the 
blower  effect  of  the  turbine  wheel  buckets.  The  blower  effect 
i3  considerably  more  than  the  skin  friction  of  the  wheel  body, 
and  therefore  these  tests  are  of  no  value  in  judging  the  skin 
friction  of  fluid  against  the  surface  of  buckets. 

In  paragraphs  20  and  24,  Mr.  Hodgkinson  refers  to  the  wear- 
ing action  of  steam  on  buckets  of  turbine  wheels. 

Mr.  ITodgkinson's  photographs  show  what  steam  can  do  to 
blades  of  Delta  metal,  but  the  conditions  must  have  been  un- 
favorable, as  Mr.  Lea  has  for  the  inspection  of  the  members  a 
few  buckets  taken  out  of  a  300  horse-power  De  Laval  wheel,  an 
examination  of  Avhich  will  show  that  the  wear  is  very  much  less 
than  shown  in  the  experiments  made  by  Mr.  Hodgkinson.  These 
buckets  have  been  in  daily  operation  for  over  1 J  years,  the  quality 
of  the  steam  being  dry  saturated.  The  boiler  pressure  averaged 
200  pounds,  vacuum  27  inches.  Absolute  velocity  of  the  steam 
about  4,000  feet,  relative  velocity  about  2,800  feet. 

Mr.  C.  V.  Kerr. — Referring  to  Fig.  363,  on  page  371  of  my 
paper  on  "  Potential  Efficiency  of  Prime  Movers,'^  it  will  be  noted 
that  the  efficiency  is  a  maximum  at  21  inches  vacuum.  To  ascer- 
tain the  tendency  for  larger  turbines  and  high  vacuum,  the  effi- 
ciencies for  a  number  of  given  tests  of  which  the  data  are  given 
in  Mr.  ITodgkinson's  table  of  ^^  Tests  of  Westinghouse-Parsons 
Steam  Turbines  ''  have  been  computed.  The  results  are  shown  in 
the  table  herewith: 

_  Number  of     ^    , .  __  Available         Potential         Loid 

oizn.  _    .  Turbine.       Vacuum.  „     .  —^  .  .. 

Tcpt.  Heat,  Efficiency.  ratio 

B.  T.  U. 

4()0k.w 8              51           26.06  289.7  66.8  108 

"       '•    18               55           27.01  304.2  64.8  1.00 

••      "    31               55           27.98  322  6  63.1  1.00 

1.250    '•    60               17           25.07  260  5  70.0  1.20 

"      ••   63               17           26.05  273.3  69.4  1.21 

"      "    66               17           26.93  282.8  69.1  1.22 

'    83               17           27.42  300.3  67.3  1.24 

Superheat. 

400    "    31               55               0  322.6  63.1  1.00 

"       "      45               55             104  342.7  66.0  100 

"      "    52               55             180  366.6  67.5  1  00 

The  tests  for  effect  of  vacuum  were  made  with  dry  saturated 
steam;  and  those  for  effect  of  superheat  with  a  28-inch  vacuum. 
The  range  of  gauge  pre.s.sures  for  all  the  tests  was  147.0 — 155.0 
pounds.     On  the  400  kilowatts  turbine  the  water  rate  is  in  terms 
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of  brake  horse-power;  while  on  the  1,250  kilowatts  turbine  it  is 
in  electrical  horse-power.  For  comparison,  the  generator  effi- 
ciency is  taken  at  95  per  cent,  and  the  engine  efficiency  at  90 
per  cent.,  which  combines  at  85.5  per  cent.  The  potential  effi- 
ciency is,  therefore,  in  terms  of  the  indicated  horse-power. 

The  results  confirm  previous  indications  that  the  potential  effi- 
ciency decreases  for  the  higher  vacua.  The  chief  reason,  prob- 
ably, is  the  rapid  increase  in  heat  made  available  by  adiabatic 
expansion.  At  what  point  then  shall  we  stop  adding  to  condens- 
ing surface,  volume  of  condensing  water  and  dry  vacuum  pump 
capacity  in  order  to  gain  another  tenth  of  an  inch  vacuum?  The 
answer  must  involve  the  whole  plant  as  the  water  rate  continues 
to  decrease. 

The  tests  for  effect  of  superheat  show  an  increase  in  efficiency 
for  added  superheat.  How  far  the  process  w^ould  continue  to 
be  profitable  to  the  plant  is  not  answered  by  the  data  at  hand. 
Theoretically,  the  increase  in  potential  efficiency  should  continue 
indefinitely  as  determined  by  data  from  the  entropy-temperature 
diagram. 

So  far,  however,  the  tests  examined  show  the  rather  curious 
contrast  of  an  increasing  potential  efficiency  as  superheat  is  added 
as  compared  with  the  decrease  in  potential  efficiency  as  the 
vacuum  is  increased. 

Prof.  Storm  Bull. — I  desire  to  say  a  few  words  about  the 
steam  turbine  papers  only,  and  do  not  see  any  good  reason  why 
the  paper  of  Mr.  Kerr  should  be  mixed  up  with  the  others.  I 
have  been  very  much  interested  in  these  papers  read  by  the  repre- 
sentatives of  the  various  steam  turbines.  The  titles  are,  however, 
as  you  will  see  at  a  glance,  somewhat  misleading;  *'  The  Steam 
Turbine  in  Modern  Engineering,''  "  Different  Applications  of 
Steam  Turbines/'  "  The  De  Laval  Steam  Turbine,"  and  finally 
"  Some  Theoretical  and  Practical  Considerations  in  Steam  Tur- 
bine Work,"  from  which  titles  one  would  get  the  impression  that 
the  papers  were  of  a  general  nature.  The  fact  though  remains 
that  these  papers  refer  to  the  Curtis,  the  Rateau,  the  De  Laval, 
and  the  Parsons  turbines  almost  exclusively,  one  for  each  paper.  I 
would  have  very  much  liked  if  all  of  these  men  had  sailed  under 
their  true  colors.  It  is  perfectly  natural  that  the  representatives 
of  these  various  turbines  should  plead  for  their  own  machine  in 
a  paper  which  they  had  been  invited  to  write.  But  in  view  of 
this  they  ^Yi\[  certainly  pardon  me  when  I  state  that  the  results  as 
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to  efficiency  quoted  in  these  papers  and  obtained  by  tests  conducted 
bv  the  manufacturers  themselves  will  not  be  recognized  as  facts  by 
the  engineering  profession.  Just  as  they  do  in  athletics — I  am 
not  an  athlete  but  I  belong  to  a  university  in  which  I  hear  a 
great  deal  of  athletics — I  know  that  no  record  stands  until  it  has 
been  achieved  in  competition  under  disinterested  management. 

Taking  up  ^fr.  Hodgkinson's  paper  in  particular,  I  will  say 
that  part  of  what  I  had  intended  to  say  has  been  anticipated  by  the 
written  discussion  read  by  the  secretary.  One  of  the  criticisms 
which  I  desire  to  make  is  ^vith  respect  to  the  word  impact,  w^here 
evidently  the  word  impulse  is  meant.  I  may  be  very  dogmatic, 
but  hope  that  I  shall  get  some  sympathy  from  the  secretary  in  the 
position  I  intend  to  take.  On  page  728  Mr.  Hodgldnson  speaks 
about  "  the  original  impact  element  has  been  made  use  of."  !Now, 
I  have  been  taught  almost  from  childhood  that  the  very  first  con 
dition  for  high  efficiency  of  any  kind  of  a  turbine  whether  for 
water  or  steam,  is  that  there  shall  be  no  impact.  Impulse,  if  you 
please,  but  no  impact.  On  page  730  I  find  '^  ...  is  due  to 
impact  of  steam,"  and  on  page  726  mention  is  made  of  "  the  im- 
pact element."  I  suppose  that  the  use  of  the  word  impact  in 
this  manner  on  the  part  of  the  author  is  due  to  a  slip,  but  for  the 
sake  of  being  on  the  right  side  I  call  attention  to  it. 

Evidently  Mr.  Hodgkinson  seems  to  think  that  the  expansion 
of  steam  in  a  diverging  nozzle  is  a  very  simple  matter  and  is 
now  clearly  understood.  I  think  he  is  very  much  mistaken.  To 
judge  from  numerous  articles  in  Continental  European  technical 
papers  our  brethren  over  there  are  very  far  from  seeing  clearly 
in  this  subject,  hence  the  numerous  experiments  which  have  been 
carried  on  during  the  last  few  years  and  are  being  carried  on 
now.  ^fr.  Ilo^lgkinson  quotes  some  experiments  by  Mr.  Levicky 
from  Dr.  Stodola\s  book  "  Die  Dampfturbinen,"  but  he  does  not 
say  that  Dr.  Sto<lola  has  made  a  very  large  number  of  experi- 
ments on  the  flow  of  steam  through  nozzles  quoted  in  the  same 
book,  that  he  does  not  offer  rational  explanations  for  various 
phenomena.  The  matter  is  certainly  not  yet  clear  although  good 
progress  has  been  made. 

AVhy  should  the  Pelton  wheel  be  assumed  to  be  the  ideal  one, 
as  Mr.  Hodgkinson  doe.s.  If  simplicity  is  the  sole  criterion  which 
determinf5fl  this,  then  of  course  the  Pelton  wheel  or  similar  wheels 
would  be  the  ideal  ones.  But,  as  everybody  knows,  the  Pelton 
wheel  is  one  of  the  late  comers  among  turbines.     We  did  have. 
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of  course,  centuries  ago  the  impact  wheel,  which  is  a  very  dif- 
ferent thing  from  the  Pelton  wheel,  and  this  impact  wheel  was 
followed  hj  the  reaction  wheel,  the  impulse  wheel  coming  a 
good  deal  later.  The  description  and  comparison  of  the  various 
turbines  contained  in  Mr.  Hodgkinson's  paper  is  based  upon  this 
ideal  case,  and  therefore  seems  of  very  little  value.  His  criti- 
cisms of  the  turbines  built  by  the  competitors  seem  also  very 
much  out  of  place.  It  may  be  true  enough  that  they  have  some 
of  the  defects  found  by  Mr.  Hodgkinson  but  the  defects  of  the 
Parson  turbine  are  left  out  altogether,  although  disinterested 
parties  do  not  have  to  look  very  far  to  find  as  many  defects  in 
this  turbine  as  in  the  others.  It  would  have  been  better  accord- 
ing to  my  opinion,  if  the  first  third  of  the  paper  had  been  left  out 
altogether. 

J/?'.  George  I.  RocJcwood. — About  ten  or  a  dozen  years  ago  those 
of  us  who  belong  to  the  American  Society  of  Mechanical  Engin- 
eers, or  who  did  belong  to  it  then,  will  remember  the  earnest  dis- 
cussions which  we  used  to  have  in  ^ew  York  over  the  theory  of  the 
steam-engine.  In  memory,  I  can  see  the  late  Dr.  Charles  E. 
Emery  advancing  portentous  thoughts ;  and  I  recall  the  wonderful 
papers  of  Dr.  Thurston  and  the  subtle  dissent  from  all  his  con- 
clusions by  Professor  Denton;  and  follo^ring  him,  the  general 
joining  of  everybody  in  the  room  in  the  discussion. 

In  the  last  few  years  we  have  rather  lacked  the  subject  of  the 
steam-engine  as  a  matter  of  general  discussion  and  have  taken  the 
minor  steam-engine  improvements  made  mthin  tha  past  few 
years  in  a  more  phlegmatic  spirit.  I  have  had  hopes  that  the 
appearance  of  the  steam-turbine  would  rehabilitate  the  ardor  of 
the  members  and  precipitate  what  Professor  Bull  deprecates 
in  his  discussion,  a  rabid  trade  discussion  of  the  subject;  for  it 
appears  that  at  present  only  those  engaged  in  the  manufacture  of 
turbines  really  know  anything  about  them. 

And  we  stand  here  all  of  us  ready  to  buy  turbine  engines  in 
preference  to  reciprocating  engines  if  we  can  see  our  way  clear  to 
do  it.  The  question  whether  it  is  at  this  present  time  a  wise 
venture  to  buy  a  steam-turbine  is  probably  the  most  serious  one 
before  us  as  a  society  today.  Personally  I  confess  to  ha\dng 
gone  over  root  and  branch  to  the  newcomer;  for  while  I  know 
very  well  that  the  steam-engine  is  slightly  more  economical  of 
steam — under  the  most  favorable  conditions — ^than  the  steam 
turbine  has  yet  shown  itself  to  be  at  full  load,  I  believe  that  the 
50 
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efRciency  of  the  turbine,  sliowai  iu  dollars  expended  for  horse- 
power returned,  is  higher  than  that  of  the  engine.  I  am  about 
to  start  up  a  turbine  of  my  o^\^l  with  which  to  gain  experience. 

I  do  not  know  enough  about  the  subject  to  be  able  to  add  any 
venom  to  this  discussion,  although  I  should  be  very  well  pleased 
to  do  so  if  I  could.  But  I  would  like  to  argue  a  little  about  the 
condenser  part  of  the  problem.  I  was  very  much  relieved  to 
hear  in  ]llr.  AValdron's  discussion  that  he  had  not  found  it  essen- 
tial from  a  financial  standpoint  to  go  into  29,  30,  31  and  32  inches 
of  vacuum — 28  inches  was  good  enough  for  him.  If  that  is  so, 
of  course  it  would  follow  that  it  would  be  well  to  consider  whether 
the  surface  condenser  is  as  desirable  an  investment  as  Mr.  Hodg- 
kinson  has  argued.  We  learn  from  his  data  that  there  is  a  gain 
of  three  or  four  per  cent,  when  you  increase  the  vacuum  by  one 
inch.  Whether  a  gain  of  three  or  four  per  cent,  on  your  total 
coal  consumption  A\all  pay  for  the  trouble  of  running  a  double 
cylinder  dry-air  pump  and  the  cost  of  buying  a  surface  condenser 
is  a  question,  and  I  very  much  doubt  that  it  mil.  In  the  case 
of  my  turbine,  which  is  of  700  to  800  horse-power,  I  have  paid  for 
the  condenser  installation,  not  to  exceed  $650  for  the  entire  instal- 
lation— not  including  the  time  of  one  man  for  two  weeks  to  erect 
it — as  against  several  thousand  dollars,  the  best  price  I  could 
get  on  any  type  of  surface  condenser  and  dry-air  pump  arrange- 
ment. Jlie  vacuum  guaranteed  is  28  inches.  I  speak  of  the 
injector  t^'pe  of  condenser,  of  course.  I  believe  the  injector  con- 
denser is  more  desirable  for  the  ordinary  case,  especially  for 
mill  work,  than  the  surface  condenser,  on  account  of  its  cheap- 
ness. The  turbine  is  peculiarly  satisfactory  in  combination 
with  the  injector  condenser  because  it  does  not  admit  air  to  itself 
in  operation;  it  has  no  valve-stems  or  piston  rods  to  leak  air  into 
the  vacuum.  Under  these  conditions  a  Wheelock,  a  Bulkley,  or 
a  Schutte  condenser  will  any  one  of  them  give  very  nearly  all 
the  vacuum  there  is  if  put  up  without  leaks  in  the 'connecting  pipe 
and  joints. 

I  reniemlxT  that  nearly  eighteen  years  ago  Mr.  Jerome  Wheel- 
ock impressed  it  upon  me — in  opposition  to  my  theoretical  training 
— that  it  was  desirable  to  have  a  very  large  exhaust  pipe  as 
compared  with  current  practice,  where  you  were  exhausting  to  the 
atmosphere;  and,  on  the  contrary,  you  might  get  along  with  a 
much  smaller  exhaust  pipe  than  was  customary  if  exhausting  to 
a  conden.-jer.    And  Mr.  Wheelock,  when  he  built  the  Chicago  City 
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Railway  engines,  pro\dded  very  large  atmospheric  exhaust  pipes 
— pipes  that  had  an  area  between  three  and  four  times  the  area 
through  the  exhaust  valve;  and  his  engine,  it  will  be  remembered, 
was  always  the  most  economical  of  its  day,  so  long  as  he  lived. 

I  have  had  some  experience  with  the  Bulkley  condenser,  as 
applied  to  Wheelock  engines.  In  one  case  the  low-pressure  cylin- 
der would  naturally  have  a  12-inch  exhaust  pipe  and  condenser. 
It  was  to  supplant  an  old  engine  where  there  had  been  an  8-inch 
exhaust  pipe  and  condenser.  The  exhaust  pipe  was  a  very  long  one 
— not  less  than  60  feet  in  length.  I  left  this  8-inch  pipe  and 
condenser  in  place  just  to  prove  to  the  owner  that  it  would  not 
do,  and  I  found  to  my  surprise  that  I  had  13  pounds  of  vacuum 
realized  inside  the  low-pressure  cylinder  with  that  8-inch  exhaust 
pipe  on  a  225  horse-power  Wheelock  engine.  I  rigged  up  a  mer- 
cury column,  connecting  it  at  the  condenser  and  at  intervals  along 
the  exhaust  pipe,  and  finally  into  the  bottom  of  the  exhaust  chest, 
and  the  greatest  difference  registered  between  the  vacuum  at  the 
condenser  and  at  the  chest  was  not  over  one-eighth  of  an  inch. 
Again,  I  built  an  engine  several  years  ago  which  had  rather  a  small 
exhaust  valve.  It  was  a  high-speed  engine  that  would  give  from 
two  to  two  and  a  half  pounds  back  pressure  upon  exhausting  into 
the  atmosphere,  while  it  would  give  a  pressure  in  the  cylinder 
when  exhausting  into  the  condenser  that  was  hardly  different 
from  that  in  the  condenser  itself. 

For  these  reasons,  or  rather  experiences,  I  believe  that  the 
modern  turbine  theory  is  wrong  where  it  claims  it  is  necessary  to 
have  these  relatively  enormous  exhaust  pipes  if  a  low  vacuum  is  to 
be  realized  in  the  turbine  itself.  For  example,  the  Curtis  turbine 
is  seen  to  open  out  at  the  bottom  of  the  casing  with  a  connection  as 
big  as  the  top  of  the  condenser  to  which  it  is  attached.  I  have 
on  my  turbine  an  inlet  pipe  only  5  inches  diameter,  but  an  ex- 
haust pipe  opening  with  a  diameter  of  20  inches.  Mr.  Bulkley 
tells  me  a  12-inch  exhaust  pipe  should  be  large  enough,  and  I  have 
actually  provided  a  16-inch  pipe. 

In  other  words,  I  believe  there  is  some  element  of  the  resistance 
to  steam  passing  into  a  vacuum  that  is  not  covered  by  the  mere 
consideration  of  the  rapidity  of  flow  of  the  steam  over  the  surface 
of  the  pipe.  Althoug*h  it  is  true  that  if  you  carry  the  steam 
vacuum  down  from  a  medium  to  a  very  low  vacuum  the  volume 
of  the  steam  ^\dll  very  rapidly  increase,  my  point  is  that  we  know 
by  practical  experience  that  the  friction  of  the  steam  in  passing 
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tlirouirh  the  exliau?t  pipe  is  not  increased  in  the  same  direct  pro- 
portion. 

Professor  Jacobus. — There  is  one  thing  which  seems  remark- 
able on  examining  the  four  papers  on  the  Steam  Turbine.  This 
is  that  if  we  take  the  figures  given  for  the  water  consumption 
of  the  Do  Laval,  Rateau  and  Curtis  wheels  and  compare  them 
with  tho  results  obtained  for  corresponding  powers  and  pres- 
sures in  the  tests  of  the  Westinghouse-Parsons  turbine  we  will 
find  that  they  are  practically  the  same.  Of  course,  there  are 
differences,  but  these  differences  are  within  what  might  be  ex- 
pected beitween  the  tests  of  various  wheels  of  the  same  make.  It 
would,  therefore,  seem  unwise  to  trust  too  much  to  any  refined 
theory  in  predicting  which  of  the  wheels  should  be  the  most  effi- 
cient, and  it  would  also  appear  that  Professor  Rateau  is  on  dan- 
gerous ground  when  he  says  that  one  class  of  wheel  is  at  least  20 
per  cent,  lower  in  efiGlciency  than  another.  Where  the  figures  for 
economy  are  as  close  as  those  given  in  the  papers  it  is  best  to 
decide,  which  is  the  best  wheel  for  a  given  line  of  work  by  noting 
the  results  obtained  in  practice  and  not  to  lean  too  much  on  theory. 

Mr.  Henry  L.  Doherty. — I  wish  to  urge  the  speakers  to  keep  to 
the  subject  of  Steam  Turbines.  I  think  there  are  many  men  in 
the  hall  who  are  interested  in  hearing  the  broad  ground  of  Tur- 
bines discussed.  I  have  just  arrived  here  after  a  twenty-four  hour 
trip  from  Xew  York  simply  to  hear  these  papers  discussed. 

I  would  like  to  say  regarding  Mr.  Kerr's  paper  that  I  regret  to 
see  a  tendency  to  change  from  our  old  efficiency  of  rating.  I  am 
afraid  that  would  tie  us  to  a  steam  turbine  or  a  steam  engine,, 
and  we  need  a  rating  that  applies  to  all  sorts  of  prime  movers. 
The  internal  combustion  engine  I  believe  would  soon  be  on  a 
basis  whore,  considering  the  available  heat  that  it  might  use, 
it  would  have  an  efficiency  of  over  100  per  cent.  You  v/ill  have 
to  have  one  basis  for  that  and  another  basis  for  the  steam 
engine. 

Another  thing  I  was  anxious  to  see  was  a  classification  of  steam 
turbines  along  rational  lines.  As  I  see  it,  there  are  perhaps 
two  types  of  steam  turbines;  the  others  are  mixtures  of  those 
two  general  types.  The  problem  that  we  are  facing  is,  first,  tho 
transformation  of  the  heat  of  combustion  to  potential  energy. 
Then  the  transformation  of  that  potential  energy  to  kinetic 
energy  of  fluid  velocity,  and  then  transform  the  latter,  which  I 
will  term  kinetic  energy,  to  dynamic  energy.     In  the  De  Laval 
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turbine  tlie  process  goes  on  with  three  distinct  steps,  while  in 
the  Parsons  turbine  it  goes  on  simultaneously. 

I  think  there  are  many  here  who  are  very  anxious  to  know 
about  the  broad  features  of  the  .steam  engine  without  regard  to 
the  manufacturer's  interests,  and  especially  the  relation  of  the 
steam  turbine  to  the  other  prime  movers. 

H.  H.  Suplee. — I  msh  to  make  a  brief  remark  in  regard  to  what 
Professor  Bull  stated.  Professor  Bull  spoke  about  the  fact  that 
we  do  not  begin  to  know  it  all  about  steam  jets.  Last  summer 
I  had  the  pri^dlege  of  discussing  this  subject  somewhat  with  Pro- 
fessor Stodola  in  his  laboratory  at  Zurich.  He  had  already  pub- 
lished his  book — which  I  believe  is  the  best  book  that  has  been 
written  on  the  subject — and  he  told  me  that  he  was  still  conduct- 
ing a  large  number  of  experiments  on  the  behavior  of  steam 
jets  with  diverging  and  converging  nozzles,  and  that  the  things 
he  found  out  were  surprising  him  very  much  indeed.  There  is 
no  doubt  that  there  are  many  eddies  and  swirls  in  steam,  just  as 
we  may  see  them  in  a  stream  of  water,  only  we  cannot  see  them 
in  the  steam;  and  Professor  Stodola  told  me  that  he  felt  with 
all  his  experience  that  it  was  altogether  too  early  to  formulate 
any  definite  theory  about  the  behavior  of  steam  jets,  and  that 
he  was  not  exactly  groping,  but  he  was  working  to  find  out  ad- 
ditional data.  I  think  it  would  be  a  great  mistake,  in  view  of 
his  work,  to  assume  that  we  know  it  all  about  steam  jets. 

Mr.  George  W.  Colles. — There  are  a  great  many  interesting  ques- 
tions in  regard  to  steam  turbines,  and  almost  everybody  seems  to  be 
interested  in  them.  A  great  many  people  seem  to  be  building 
them,  besides  the  four  types  that  we  have  heard  discussed,  although 
those  are  the  only  types  that  are  on  the  market  now.  I  am  not 
an  expert  in  steam  turbines,  but  I  want  to  bring  forward  a  few 
points  that  have  occurred  to  me,  and  then  have  the  experts 
answer  them  if  thev  Arill.  The  first  is  friction  in  steam  turbines. 
It  has  been  said  in  one  of  the  papers  that  the  impulse  t}^e  of 
turbine,  wherein  the  steam  was  expanded  completely  in  one  nozzle, 
had  the  great  objection  that  the  high  velocity  produced  much  fric- 
tion against  the  sides  of  the  nozzles  and  thereby  detracted  much 
from  the  efiiciency.  The  De  Laval  people,  of  course,  may  retort 
against  the  Parsons-Westinghouse  form  of  turbine  that  in  that 
form,-  although  they  have  not  the  high  velocity,  they  have  a 
very  great  amount  of  surface  exposed  to  the  steam,  which  amounts 
to  the  same  thing  so  far  as  reducing  the  efiiciency  is  concerned. 
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But  the  main  question  is  this:  What  becomes  of  the  work  that 
is  lost  in  friction?  In  general  we  say  it  is  dissipated  in  heat,  but 
in  this  case  I  cannot  see  where  that  heat  goes  unless  it  goes  into 
the  steam  which  is  passing  throusjh  the  turbine,  to  be  reconverted, 
in  part  at  least,  into  work.  It  cannot  therefore  be  considered  as  a 
dead  loss.  If  the  steam  is  superheated  at  the  start  to  such  a 
decree  that,  given  a  perfect  adiabatic  expansion  without  friction,  it 
reaches  the  condenser  A\ithout  condensation,  then  with  the  friction 
its  temperature  mil  be  so  raised  that  it  will  be  higher  at  the  con- 
denser, and  therefore  some  heat  will  be  lost.  But  even  in  that 
case  all  the  heat  of  the  friction  will  not  be  lost,  because  we  are  not 
expanding  adiabatically,  but  more  nearly  isothermally,  and  an 
isothermal  curve  gives  a  greater  amount  of  work  than  an  adia- 
batic curve  for  a  given  degree  of  expansion.  If,  however,  the 
expansion  begins  from  a  condition  of  saturation  and  is  adiabatic, 
there  is  a  considerable  amount  of  condensation  which  will  be 
wholly  or  partly  prevented  by  the  rise  of  temperature  caused  by 
internal  friction.  In  this  case,  therefore,  the  internal  friction  acts 
precisely  like  superheating,  to  increase,  not  diminis^h,  the  real 
efficiency  of  the  machine;  with  this  difference,  perhaps,  that  the 
friction  method  involves  no  inconveniently  high  temperature  or 
special  apparatus.  Hence,  it  would  seem  that  it  matters  little 
whether  we  expand  in  one  or  several  stages  so  far  as  the  friction 
loss  is  concerned.  In  fact,  this  seems  to  me  an  argument  rather 
in  favor  of  the  multiple-stage-expansion  turbine,  because  here  the 
only  place  where  a  sensible  quantity  of  friction-heat  can  be 
wasted  is  in  the  last  of  several  stages,  and  the  percentage  of  lost 
heat  is  diminished  correspondingly. 

Another  important  question  relates  to  the  erosion  of  the  buckets 
or  vanes  referred  to  by  Mr.  Lea  in  paragraph  12  of  his  paper. 
^fr.  I^a  suggests  a  number  of  more  or  less  indirect  causes  for  this 
wear:  chemical  action,  oxidation,  abrasion  by  solid  particles  in 
the  steam,  and  electricity;  but  why  need  we  search  so  remotely 
for  what  lies  very  much  nearer  at  hand?  I  saw  to-day  a  very 
common  process,  a  cold  steel  plate  cutting  through  a  cold  steel  rail, 
which  latter  was  so  hard  that  a  file  and  cold-chisel  could  hardly 
touch  it;  yet  the  plate  went  through  it  in  a  very  few  seconds.  The 
plate  was  presumably  not  sensibly  harder  than  the  rail,  and  it  had 
no  teeth,  sharj)  edges  or  grit  to  aid  it.  In  short,  it  was  a  simple 
process  of  abrasion  of  a  harder  metal  by  a  softer,  or  a  metal- 
abraiiion  by  frictional  contact,  aided  by  heat.     Now  I  cannot  see 
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in  wliat  respect  the  abrasion  of  metal  by  steam  at  high  tempera- 
tures and  velocities  differs  from  these,  more  especially  in  the  light 
of  the  molecular  theory  of  physics  and  the  many  demonstrations 
we  have  of  it.  Taking  another  example,  a  current  of  air  or  of  the 
same  steam  mil,  as  we  know  it  ^^dll,  evaporate  water  or  mercury 
in  contact  with  it,  or,  in  other  words,  carry  away  particles  of  the 
surface  with  which  it  comes  in  contact;  why  should  it  not  evapo- 
rate in  a  like  manner  hard  metal  in  contact  with  it,  though,  of 
course,  requiring  a  much  greater  temperature  and  velocity  to  make 
itself  felt.  If  this  is  the  fact,  there  are  two  important  deductions, 
namely,  first,  that  it  is  useless  to  seek  to  prevent  the  erosion  by 
purification  of  the  steam  or  otherwise,  and  second,  that  the  erosion 
can  be  prevented  only  by  using  lower  temperatures  and  velocities, 
which  again  is  a  point  in  favor  of  the  multiple-expansion  turbine, 
as  opposed  to  the  De  LaA^al  type. 

A  confirmation  of  this  theory  as  to  the  cause  of  erosion  lies  in 
the  facts,  first,  that  the  greatest  erosion  seems  to  take  place  in 
the  De  Laval  turbine  (where  all  the  work  is  performed  in  a  single 
expansion),  and  second,  that  the  wear  (as  stated  by  Mr.  Lea) 
affects  only  the  steam  inlet  side  of  the  buckets,  where,  as  a  mat- 
ter of  fact,  the  velocity  is  greatest  wdth  respect  to  the  wheel. 

There  is  one  thing  that  the  De  Laval  people  seem  to  have  over- 
looked in  discussing  Mr.  Hodgkinsons  paper.  In  paragraph  25  of 
this  paper  it  is  stated  substantially  that  the  ideal  turbine  (mean- 
ing the  De  Laval  turbine)  is  essentially  a  refined  form  of  that  built 
by  Branca  in  1629.  This  seems  to  be  hitting  the  De  Laval  turbine 
pretty  hard.  Some  years  ago  when  it  first  came  out  it  was  hailed 
as  an  original  and  ingenious  invention.  isTow,  I  have  no  doubt  that 
Dr.  De  Laval  did  invent  something,  but  as  a  matter  of  curiosity 
we  would  probably  all  be  interested  to  hear  from  the  De  Laval 
people  as  to  what  that  something  w^as.  This  is,  besides,  not  simply 
a  matter  of  curiosity,  as  there  are  a  good  many  people  who  would 
like  to  know  what  the  De  Laval  patents  stand  for,  and  how  much 
ingenuity  they  must  exert  to  get  around  them. 

3Ir.  Alex.  Dow. — Speaking  from  the  point  of  view  of  the 
man  wlio  buys  turbines  I  have  to  say  that  I  buy  them  for  the 
same  reason  that  their  makers  manufacture  them,  namely, 
because  I  thereby  expect  to  make  money.  I  expect  to  buy  more 
turbines.  I  believe  there  are  more  results  to  be  had  for  a  dollar 
in  that  form  than  in  the  form  of  the  reciprocating  engine.  From 
the  same  standpoint  I  have  to  say  that  I  think  the  turbine  is  now 
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sufforin<r  jioriouslj  from  its  friends.  It  is  being  afflicted  witli  too 
niuoh  theory  and  too  maiiv  straps.  It  is  a  little  trying  to  a  man 
who  believes  in  turbines  to  be  told  that  in  order  to  get  the  work 
out  of  them  he  must  install  a  condensing  equipment  which  in- 
volves more  study  and  possibly  more  expense  than  the  turbine 
itself.  I  question  that  statement;  in  my  own  practice  I  am  not 
installing  such  equipment.  The  theory  of  the  high  vacuum  is 
correct,  but  there  is  not  enough  money  in  it. 

Coming  down  to  the  practical  question  as  to  what  is  necessary 
to  run  a  turbine  successfully,  I  believe  first  of  all  you  must  have 
a  good  turbine.  There  are,  at  least,  three  types  on  the  market  in 
this  country  that  are  good  machines.  The  question  as  to  whether 
one  of  them  is  more  economical  by  a  pound  of  steam  than  the 
other,  is  a  question  which  will  stand  for  an  infinite  amount  of 
argument  here  but  must  be  settled  by  each  purchaser  on  financial 
considerations.  The  triple  reciprocating  engine  is  more  eco- 
nomical than  the  cheaper  single  non-condensing  engine,  but  it 
has  not  vet  run  the  latter  out  of  the  market.  There  is  a  market 
for  both  typves.  There  will  be  a  market  for  several  types  of  tur- 
bine and  for  several  economics. 

In  my  business,  which  is  the  electric  business,  reliability  is  all- 
important.  AVe  have  in  our  turbine  equipments  up  to  the  present 
time  sacrificed  a  great  deal  to  reliability.  The  complication  of  aeon- 
denser  equij)ment  \\ith  a  so-called  dry  air  pump,  is  one  that  we 
may  recommend  to  our  Board  of  Directors  on  the  ground  of 
reliability  thereby  secured.  But  in  recommending  it  we  say  under 
our  breaths  that  it  will  merely  let  the  operating  engineer  be  some- 
what lazy  in  looking  for  leaks.  I  don't  think  it  is  needed  under 
normal  conditions.  I  am  not  putting  in  a  dry  air  pump  equip- 
ment. In  my  ofiicial  opinion  the  dry  air  pump  is,  as  I  have  said, 
a  concession  to  the  demand  for  reliability  of  service.  Unofiicially, 
and  as  an  engineer,  J  h>ok  upon  it  as  a  concession  to  the  slackness 
of  the  operating  man  and  to  the  inefiiciency  of  the  ordinary  air 
pump.  We  are  inclined  in  these  latter  days  to  forget  that  an 
air  pump  should  Ik;  an  air  pump.  We  sometimes  think  that  its 
chief  function  is  to  remove  the  water  of  condensation  and  the 
demand  of  the  turbine  engineers,  for  a  high  vacuum  should  recall 
to  our  memories  that  the  name  '^  air  pump  "  should  mean  exactly 
what  it  says. 

I  believe  the  turbine  will  continue  to  be  successful  in  service. 
I  believe  that  wo  will  continue  to  buy  turbines,  and  that  we  will 
install  them  with  comparatively  simple  condensing  equipments. 
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I  believe  we  will  presently  rediscover  the  fact  that  we  can  ^et 
satisfactory  commercial  results  in  a  condensing  plant  by  making 
all  the  everyday  points  in  the  game  of  good  steam  practice.  I  do 
not  believe  that  in  all  cases  we  need  big  condensers.  I  am  sure 
that  in  many  cases  the  ejector  condenser,  as  reconamended  to-night 
by  Mr.  Rockwood,  will  answer  the  purpose.  There  is  no  question 
that  the  ejector  condenser  ^yith.  a  sufficient  supply  of  water  is 
reliable,  and  it  is  certainly  cheap.  It  is  not  so  well  known  and 
appreciated  in  the  United  States  as  it  should  be.  In  many  cases 
the  syphon  condenser  is  desirable,  but  in  other  cases  it  has  not 
been  entirely  acceptable,  because  of  the  fact  that  it  depends  for 
its  comparative  efficiency  upon  the  utilization  of  the  vacuum  for 
lifting  the  water.  Any  disturbance  of  the  electric  service  tends  to 
a  sudden  disturbance  of  that  vacuum  which  may  initiate  a 
sequence  of  troubles  ending  in  the  entire  loss  of  vacuum  and  in- 
terruption of  service.  In  practice  it  has  been  found  necessary  in 
certain  classes  of  electric  work  to  run  the  circulating  pumps  for 
syphon  condensers  at  the  speed  which  will  deliver  sufficient  water 
mthout  the  assistance  of  the  vacuum.  This  would  not  be  neces- 
sary in  ordinary  commercial  work.  In  other  cases  the  dry  air 
pump  has  been  added  to  the  syphon  condenser,  especially  to 
obviate  this  possibility  of  lost  vacuum  due  to  a  sequence  of  dis- 
turbances initiated  in  the  electrical  system. 

I  think  that  in  turbine  practice  in  the  future  we  will  most 
frequently  use  a  surface  condenser,  and  in  many  cases  will  neces- 
sarily do  so,  and  that  we  mil  be  able  to  obtain  the  desirable  extra 
inch  of  two  inches  of  vacuum  mthout  the  cost  and  trouble  of  a 
complex  installation.  First,  we  will  use  feed  water  which  is  free 
from  entrained  air  or  gases  in  solution.  Feed  water,  particularly 
when  it  is  taken  from  the  serated  discharge  of  a  syphon  or  jet  con- 
denser, contains  much  air  and  other  non-condensible  gas.  If  it  is 
sent  to  the  boiler  through  a  closed  system  of  piping  the  non- 
condensible  gas  must  escape  through  the  turbine,  and  be  ac- 
counted for  by  the  condenser  and  air  pump.  If  on  the  contrary 
the  feed  water  is  simmered  or  boiled  in  an  open  heater  much  of 
this  non-condensible  gas  can  be  got  rid  of.  Second,  we  require 
tight  piping.  As  I  have  said  before  we  far  too  often  see  the  dry 
air  pump  making  good  the  negligence  in  the  care  of  the  piping 
system.  Third  and  last,  we  must  use  air  pumps  with  small  clear- 
ance, and  of  a  design  that  does  not  mix  the  vapor  mth  the  water. 
These  three  things  together  mil  in  most  instances  secure  without 
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(lifficnltv  the  26  or  27  inches,  which  represents  good  condenser 
practice,  and  -with  a  reasonable  increase  in  condenser  surface  will 
secure  the  28  inches  that  the  turbine  engineers  ask  for,  and  which 
certainly  is  desirable  ^\'ith  turbines. 

I  believe  in  the  turbine,  gentlemen,  for  the  causes  I  have  as- 
signed. There  is  money  in  it  for  the  man  that  has  to  run  it.  I  do 
not  think  it  is  yet  in  its  final  form.  I  think  that  all  three  types 
of  turbine  described  to-night  A\dll  go  on  together,  and  that  out  of 
them  our  future  practice,  certainly  in  electrical  work,  will  arrive 
at  a  standard. 

^fr.  Francis  Ilodgl'hison.^ — I  feel  some  justification  in  the 
selection  of  the  Pelton  type  of  wheel  for  the  ideal  turbine  element, 
firstly,  because  it  consists  of  a  single  bucket  element  and  a  single 
nozzle  element,  and  secondly,  it  more  nearly  approaches  per- 
mitting a  complete  reversal  of  the  operating  fluid,  and  if  this  is 
attained,  the  spent  fluid  has  no  component  parallel  with  the  axis 
as  is  generally  the  case  with  all  steam  turbines. 

With  regard  to  Mr.  Meden's  remarks  on  the  strength  of  revolv- 
ing wheels,  I  think  that  while  the  strength  of  structures  of  material 
may  be  considerably  less  limited  than  the  strength  of  the  materials 
themselves,  nevertheless,  the  strength  of  the  structures  must  cer- 
tainly have  some  limit,  and  I  think  most  engineers  would  be  con- 
siderably exercised  if  they  were  called  upon  to  design  a  wheel,  say 
10  feet  in  diameter,  to  have  a  peripheral  speed  of  say  2,000  feet 
per  second. 

In  reply  to  Mr.  Meden's  question  on  the  subjest  of  the  experi- 
ments with  nozzles,  referred  to  in  paragraph  6  of  the  paper,  would 
say  that  the  steam  was  maintained  as  closely  as  possible  "  dry 
saturated,"  by  having  a  receiver  of  relatively  large  capacity  im- 
mediately in  the  rear  of  the  nozzle,  before  entering  which  the 
steam  was  throttled  to  give  the  desired  initial  pressure  for  the 
nozzles. 

A  small  quantity  of  water  was  allowed  to  remain  in  the  re- 
ceiver, which  would  be  picked  up,  supposing  the  steam  to  be  super- 
heated by  being  wire  drawn  through  the  valve. 

I  rather  think  Prof.  Storm  T^uU  is  right  in  his  criticism  of 
the  words  "  impulse  "  and  "  impact.''  However,  these  two  words 
do  not  a[)pear  to  me  to  particularly  well  describe  either  of  the 
conditions.     We  say,  for  instance,  that  a  gas  engine  receives  an 


*  Author's  closure,  under  the  Rules. 
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"  impulse  "  every  so  many  revolutions,  from  which,  it  is  inferred 
that  the  action  is  not  continuous  and  that  work  is  done  in 
"  impulses/'  which  seems  to  me  is  an  entirely  different  sense  to 
what  is  intended  in  the  properly  constructed  turbine  bucket. 
K'evertheless,  I  think  Professor  Bull  is  right,  and  I  would  have 
been  glad  to  change  the  text  of  my  paper  in  this  respect. 

Eegarding  my  discussion  on  steam  jets,  I  did  not  intend  to  con- 
vey the  idea  that  their  behavior  was  understood.  As  has  been 
pointed  out  by  two  members  in  discussion,  there  are  all  kinds  of 
eddies  and  swirls  that  render  observations  most  confusing.  My 
object  was  to  show  the  general  underlying  principles  made  use  of 
in  the  design  of  nozzles,  and  to  show  by  means  of  a  theoretical 
design  the  reason  for  the  divergence  which  is  frequently  not 
understood  by  engineers  not  familiar  with  turbines. 

Of  course,  we  do  not  know  very  much  about  skin  friction  in 
turbines.  Its  effect,  as  pointed  out  by  Mr.  Colles,  must  result  in 
the  heat  thus  generated  being  returned  to  the  operating  fluid.  If 
the  turbine  is  a  single  stage  turbine,  then  this  heat  is  notwith- 
standing lost.  If,  however,  it  is  multiple  stage,  then  it  would  seem 
that  this  heat  would  not  be  entirely  lost  except  in  the  last  stage. 

It  is  probable  that  frictional  losses  in  turbines  vary  with  a 
higher  exponent  than  the  square  of  the  relative  velocities.  The 
number  of  stages  in  a  turbine  designed  to  work  between  given 
pressure  limits,  varies  substantially  inversely  as  the  square  of  the 
velocity  employed. 

Therefore,  it  would  seem  that  by  increasing  the  number  of 
stages  in  a  turbine,  the  frictional  losses  would  decrease  more 
rapidly  than  the  increase  of  surface. 

This  would  seem  an  additional  reason  to  favor  the  multi-stage 
type  to  that  pointed  out  by  Mr.  Colles. 

Eegarding  Mr.  Colles's  discussion,  I  am  sorry  to  have  con- 
veyed the  least  impression  of  stating  that  Dr.  De  Laval  had 
invented  nothing.  While,  I  think,  I  am  correct  in  stating  that  the 
I)e  Laval  turbine  is  a  refined  form  of  the  Branca  wheel,  the 
degree  of  refinement  involved  however,  is  very  great. 

The  difficulties  overcome,  that  have  been  pointed  out  in  the 
paper  by  Messrs.  Lea  and  Meden,  bear  witness  to  the  progress 
made.  The  developments,  as  shown  by  the  invention  of  the  diver- 
gent nozzle ;  the  construction  of  the  disc  and  buckets ;  the  employ- 
ment of  a  flexible  shaft,  and  the  remarkable  work  done  by  the 
De  Laval  gears,  demand  the  admiration  of  engineers. 
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1.  One  of  tlio  most  interesting  developments  in  mechanical 
engineering  during  the  years  1902  and  1903  Avas  the  greatly  ex- 
tended use  of  steam  turbines.  This  development  is  the  result  of 
efforts  which  have  been  made  by  various  people  to  increase  the 
efficiency  of  turbines  to  such  a  point  that  they  may  compete  com- 
mercially with  reciprocating  engines.  The  author  has  been  occu- 
pied for  more  than  fifteen  years  in  the  study  of  rotary  engines, 
and  he  has  already  published  several  papers  upon  the  subject.  He 
believes  that  in  presenting  to  the  Institution  of  Mechanical  Engi- 
neers an  account  of  the  practical  result  of  his  labors  upon  steam 
turbines  he  will  contribute  usefully  to  the  study  of  this  important 
question. 

2.  Although  the  principles  which  distinguish  the  different 
kinds  of  turbines  are  well  known,  it  may  be  useful  to  recall  briefly 
their  distinctive  characters  in  order  that  liis  o\vn  type  of  turbine 
may  be  more  easily  distinguished.  In  common  with  all  other 
steam-engines,  turbines  transfoi*m  into  mechanical  work  the 
energy  given  out  by  steam  during  its  expansion  from  the  initial 
pressure  of  admission  to  the  pressure  at  the  exhaust.  But  whilst 
reciprocating  engines  effect  this  transformation  of  energy  by 
means  of  variation  in  pressure  of  the  steam,  turbines  can  effect 
this  transformation-  both  by  means  of  the  pressure  and  by  means 
of  the  velocity  of  the  steam  while  expanding.  The  employment  of 
the  velocity  only  in  each  moving  wheel  characterizes  the  action  or 
impulsion  turbines,  among  which  may  be  cited  the  Laval  and 
Curtis  turbines,  as  well  as  that  designed  by  the  author;  whilst  the 
simultaneous  employment  of  the  velocity  and  partial  use  of  the 
pressure  characterize  the   re-action   turbine,   of  which   the  best- 


*  Presented  at  the  Chicatro  meeting,  May  and  June,  1904,  of  the  American 
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known  type  is  that  of  Parsons.  Whatever  may  be  the  method 
in  which  the  steam  acts  in  the  turbine  the  chief  problem  consists 
in  the  employment,  with  good  conditions  of  efficiency,  of  the  very 
great  velocities  attained  by  the  steam  in  expanding.  When  the 
expansion  takes  place  in  one  stage,  as  in  turbines  with  a  single 
wheel,  then  the  velocity  of  flow  reaches,  as  is  well  known  in  a 
condensing  engine,  a  value  which  is  usually  above  3,600  feet  per 
second.  But  in  order  to  obtain  the  maximum  efficiency,  the 
moving  part  of  the  machine  should  have  a  relative  velocity  which 
is  approximately  the  half  of  that  of  the  steam.  As  it  is  practically 
impossible  to  construct  turbine  w^heels  suitable  for  running  with 
a  peripheral  velocity  above  1,200  feet  per  second,  the  efficiency 
of  turbines  with  a  single  wheel  is  necessarily  low,  this  being  due 
chiefly  to  the  necessity  for  the  employment  of  diverging  inlet 
nozzles,  which  give  rise  to  great  losses  of  energy  by  friction  and 
eddying.  On  the  other  hand,  angular  velocities  which  correspond 
to  these  peripheral  speeds  prevent  the  direct  driving  of  dynamos, 
and  render  necessary  reduction  gears  of  special  and  costly  con- 
struction, which,  however,  cannot  be  protected  from  excessive 
wear,  and  are  exposed  to  accidental  breakage. 

3.  A  consideration  of  these  circumstances  has  induced  in- 
ventors to  divide  the  expansion  of  the  steam  into  successive  stages, 
and  thus  to  produce  turbines  with  multiple  wheels,  which  are 
nothing  but  a  series  of  simj)le  turbines  mounted  upon  the  same 
shaft  and  driven  successively  by  the  same  current  of  steam.  This 
design  of  multiple  turbines  is  by  no  means  novel.  It  will  suffice 
to  mention  the  name  of  Tournaire,  a  French  mining  engineer, 

~whose  theoretical  description  to  the  Academy  of  Science  in  1853 
of  a  re-action  turbine  w^ith  multiple  wheels  is  surprising  when  the 
description  is  compared  with  the  Parsons  turbine  brought  into  use 
30  years  later. 

4.  Every  simple  turbine  may  be  designed  either  as  an  impulse 
turbine  or  as  a  re-action  turbine.  In  the  former  kind  the  fall  of 
pressure  under  which  the  simple  turbine  works  takes  place  solely 
in  the  distributor,  whilst  in  the  latter  type  the  fall  of  pressure  takes 
place,  not  only  in  the  distributor,  but  also  in  the  moving  wheel,  so 
that  in  the  latter  type  there  is  a  higher  pressure  in  the  guide-vanes 
than  at  the  exit.  Fig.  386  represents  the  guide-vanes  and  the 
moving  vanes  of  an  impulse  turbine  in  which  it  is  supposed 
that  the  fall  of  pressure  is  small  enough  at  the  vanes  to  render 
unnecessary  the  use  of  diverging  nozzles  as  in  the  Laval  turbine. 
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In  the  illustration  the  triangles  of  velocities  are  given  at  the 
entrance  OAB,  and  at  the  exit  OBC  of  the  moving  wheel.  Sim- 
ilarly in  Fig.  387  are  shown  the  giiide-vanes  and  the  moving 
vanes  of  a  re-action  turbine,  and  the  triangles  of  velocities  at  the 
entrance  OAB  and  at  the  exit  OBC  of  the  moving  wheel  are  shown 
in  the  figure.  It  is  obvious  from  these  illustrations  that,  by  the 
mere  inspection  of  the  moving  vanes,  it  is  possible  to  distinguish 
between  an  action  turbine  and  a  re-action  turbine.  In  the  former 
type  the  vanes  appear  in  transverse  section  in  the  form  of  an  arc 
of  a  circle  with  entrance  and  outlet  angles  practically  the  same, 
whilst  in  the  re-action  turbine  the  cross  section  of  the  vanes  is  in 
the  form  of  a  parabolic  arc,  the  entrance  angle  being  more  or  less 
approximately  90  degrees  whilst  the  outlet  angle  is  generally 
between  20  degrees  and  30  degrees.  Generally  the  vanes  are 
increased  in  thickness  in  the  middle,  so  that  the  steam  spaces 
between  them  have  approximately  a  constant  transverse  section  for 
impulse  turbines  or  decreasing  section  for  re-action  turbines.  If 
however  they  are  made  of  plate  they  may  have  a  constant  thick- 
ness as  in  2,  Fig.  386.  In  re-action  turbines  it  is  important  that 
the  increase  in  thickness  should  be  suitably  calculated,  otherwise 
there  will  be  an  important  loss  of  efiiciency.  It  is  otherwise  with 
the  impulse  turbine  in  which  the  efficiency  is  very  little  affected 
whether  the  vanes  have  a  constant  or  variable  thickness.  In  a 
given  turbine  with  multiple  wheels  the  different  simple  turbines 
may  be  all  designed  in  the  same  way  or  some  may  be  designed 
in  one  way  and  some  in  another  way  to  produce  a  hybrid  system. 

5.  Drum  Turbines  and  Multicellular  Turhines. — From  another 
point  of  ^^ew,  drum  turbines  may  be  distinguished  from  multicel- 
lular turbines,  in  the  former  type  of  which  the  Parsons  turbine  is 
the  best  known  example,  the  mo^dng  vanes  are  fixed  upon  the  peri- 
phery of  a  cylindrical  drum;  in  the  latter  they  are  fixed  to  the  peri- 
phery of  wheels  more  or  less  flat  and  separated  from  each  other 
by  diaphragms  which  divide  the  interior  of  the  turbine  into  cells. 
The  turbine  of  the  author  belongs  to  the  latter  type. 

6.  Fig.  388  is  a  diagram  of  a  drum  turbine,  and  Fig.  389 
a  diagram  of  a  multicellular  turbine.  These  two  types  have 
different  properties,  so  far  as  losses  of  steam  are  concerned.  In 
the  multicellular  action-turbine  leakage  of  steam  can  only  take 
place  through  the  play  c,  Fig.  389  which  exists  between  the  shaft 
and  the  ring  of  the  fixed  diaphragm  which  surrounds  this  shaft. 
In  the  re-action  drum  turbine,  on  the  contrary,  leakage  may  take 
place:  1st,  around  the  moving  wheels  in  a,  Fig.  388  (by  reason  of 
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the  n>-;u*ti<>ii);  and  lM,  in  /;  through  the  plaj  between  the  guide- 
vanes  and  the  moving  drum.  The  first  leakage  can  be  suppressed, 
if  desired,  hv  making  the  wheels  work  by  impulsion  instead  of  by 
re-action,  but  then  the  second  leakage  between  the  fixed  vanes  and 
Escape  of  Steam  A^-D  Lgngitudinal  Thbust  in  Turbines. 


the  moving  wheels  attains  its  maximum.  It  is  because  of  this  leak- 
age at  the  periphery  of  the  drum  that  turbines  of  the  Parsons  type 
require  the  most  accurate  workmanship.  It  is  easy  to  understand 
that  a  play  of  some  tenths  of  a  millimetre  is  sufficient,  at  least 
upon  the  high  pressure  side,  to  produce  a  cross-sectional  area  of 
the  leakage    passages  equal  to  that  of  the   admission  passages 
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between  the  distributing  vanes;  if  by  especially  exact  work- 
manship the  cross  section  of  the  leakage  passages  is  made  very 
small,  is  it  not  to  be  feared  that  after  some  years  of  use  the  wear 
of  the  parts,  either  by  friction  of  the  moving  parts  against  the  fixed 
parts  or  by  the  action  of  the  steam,  mil  increase  the  cross  section 
of  the  leakage  passages  and  so  cause  a  notable  decrease  in  the 
efficiency  of  the  machine  ? 

7.  In  multicellular  turbines  the  leakage,  being  confined  to  the 
periphery  of  the  shaft,  is  reduced  in  proportion  to  the  radii  of  the 
shaft  and  the  drum ;  and  moreover,  friction  being  less  to  be  feared 
at  a  place  where  the  relative  velocities  are  smaller,  the  play  may 
be  reduced  to  the  absolute  minimum.  In  practice  we  do  not 
trouble  about  giving  this  play  any  precise  value.  We  build  the 
machine  with  practically  no  play  round  the  shaft,  and  when  started 
the  machine  itself  makes  play  sufficient  to  turn  without  touch- 
ing the  internal  rings  of  the  diaphragms. 

8.  Fricfion  of  the  Moving  Parts  on  the  Steam. — It  would 
appear  probable  that  multicellular  turbines  produce  relatively 
large  losses  by  friction  of  the  moving  parts  upon  the  steam  owing 
to  the  large  surface  of  the  moving  wheels.  This  is  however  not 
the  case.  From  tests  which  we  have  made  to  deteraiine  the  law  of 
friction,  and  also  from  the  results  of  experiments  made  upon  com- 
plete machines,  we  have  found  that  frictional  losses  represent  only 
from  2  to  4  per  cent,  of  the  normal  power  developed  by  the 
machine.  These  figures  apply  to  turbines  with  an  output  exceed- 
ing 500  horse-power.  These  figures  are  comparable  with  those 
obtained  in  drum  turbines  in  which  the  friction  of  the  moving 
vanes  themselves  must  be  added  to  that  of  the  cylindrical  surface 
of  the  drum  and  of  the  balancing  pistons. 

9.  Turhines  ivitli  Groups  of  Wheels. — Another  type  of  turbine 
which  may  really  be  considered  as  belonging  to  the  impulse  class  is 
being  built  upon  a  large  scale,  and  is  known  under  the  name  of 
Curtis.  In  this  type  instead  of  using  upon  a  single  moving  wheel 
the  velocity  of  discharge  of  the  steam  leaving  the  distributor,  it  is 
used  upon  several  wheels  arranged  in  series  in  order  to  diminish 
the  velocity  gradually.  The  principle  upon  Avhich  the  Curtis  tur- 
bine is  designed  has  been  described  in  1890  by  Mr.  Mortier  in  a 
discussion  which  took  place  after  a  paper  had  been  read  by  the 
author  upon  steam  turbines  in  general  and  upon  the  Parsons  tur- 
bine in  particular.* 


*  See  Comptes  Rendiis  de  la  Societe  de  Tlndustrie  Minerale  a  St.  Etienne, 
Meeting  of  April  12,  1890. 
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10.  The  type  which  we  have  described  as  having  a  group  of 
wheels  possesses  the  notable  advantage  of  allowing  a  great  reduc- 
tion in  the  speed  of  rotation  for  wheels  of  the  same  diameter  and  of 
the  same  number.  It  would  therefore  be  preferred  to  all  others  if  it 
had  not,  in  our  opinion,  the  grave  defect  of  preventing  a  sufficiently 
hio-h  efficiency  being  attained.  It  is  easy  to  see  that,  owing  to  the 
irreat  velocity  of  flow  of  the  steam  in  the  first  wheels,  the  losses  of 
energy  by  friction  and  eddying  are  very  great,  reaching  such  a 
value  that  the  second  wheel  develops  less  power  than  the  first,  and 
the  third  wheel  and  the  fourth,  when  more  than  two  are 
used,  act  more  like  brakes  than  prime  movers.  The 
Curtis  turbine,  as  originally  constructed  at  the  Fisk  Station  in 
Chicago,  had  groups  of  four  wheels,  but  the  process  of  evolution 
reduced  these  to  groups  of  three  and  then  to  groups  of  two  wheels. 
Even  with  such  a  reduction  in  the  number  of  wheels  in  a  group  the 
efficiency,  according  to  our  calculation,  is  still  at  least  20  per  cent, 
lower  than  that  obtainable  with  the  multicellular  turbine  which 
has  only  one  wheel  per  cell.  The  author  therefore  ventures  to 
think  that  the  Curtis  type  of  turbine  will  disappear,  as  in  the 
process  of  evolution  it  will  become  the  multicellular  type  pure 
and  simple. 

11.  Description  of  the  Bateau  Turbine. — Since  1894  the  firm  of 
Sautter-IIarle  of  Paris,  with  the  assistance  of  the  author,  has  been 
experimenting  upon  the  construction  of  steam  turbines.  The  first 
turbine  constructed  had  only  a  single  moving  wheel,  like  the  Laval 
turbines,  and  this  wheel  was  formed  with  vanes  in  the  form  of  a 
double  arc  similar  to  the  buckets  of  a  Pelton  wheel,  and  these 
vanes  were  milled  out  of  a  solid  block  of  steel.  This  type  has  since 
been  copied  in  the  Kiedler-Stumpf  type,  built  by  the  Allgemeine 
Elektricitats  Gesellschaft,  but  which  was  rapidly  abandoned  by  us 
as  it  did  not  offer  any  chance  of  obtaining  the  maximum  efficiency. 
The  most  recent  Rateau  turbine  is  of  the  action  type,  that  is  to  say, 
expansion  of  the  steam  is  fully  carried  out  in  the  distributor  for 
each  group  consisting  of  a  distributor  and  one  moving  wheel.  The 
steam  therefore  acts  by  its  velocity  and  not  by  its  pressure.  These 
turbines  are  moreover  multicellular,  that  is  to  say,  they  consist 
of  a  certain  number  of  elements,  each  element  comprising  one  dis- 
tributor and  one  moving  wheel.  A  very  interesting  characteristic 
of  the  type  of  action  turbines  is  the  possibility  which  it  allows  of 
leaving  very  considerable  play  between  the  fixed  parts  and  the 
moving  parts,  and  this  greatly  facilitates  construction  and  obviates 
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the  chances  of  dangerous  friction  if  the  bearings  should  become 
Avorn  or  the  shaft  somewhat  bent.  Besides  this  the  wheels  revolve 
in  a  chamber  where  the  pressure  is  uniform.  There  is  for  that 
reason  an  absence  of  longitudinal  thrust  upon  the  moving  parts 
and  no  necessity  for  the  use  of  dash-pots  for  the  purpose  of  over- 
coming the  effect  of  this  thrust,  although  such  dash-pots  are  neces- 


FiG.  31)0. 


sary  in  re-action  or  drum  turbines.  Tinally,  in  the  action  type 
partial  injection  of  steam  is  possible,  that  is  to  say,  the  steam  may 
be  directed  upon  a  lunited  portion  of  the  circumference.  The  mov- 
ing wheels  are  formed  of  discs  of  sheet  steel  more  or  less  thin, 
and  upon  the  periphery  of  these  discs  are  riveted  vanes  of  cylindri- 
cal form.  Figs.  390  and  301.  A  steel  band  riveted  to  the  periphery 
maintains  the  correct  spacing  of  these  vanes  and  insures  great 
rigidity  to  the  construction.  Wheels  so  constructed  are  extremely 
light,  and  remain  in  equilibrium  at  a  velocity  far  higher  than  that 
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to  which  they  are  subject  in  the  turbine.  These  moving  wheels 
turn  between  circuhir  diaphragms  provided  with  distributing  vanes 
which  enter  circumferentiaily  into  grooves  formed  in  the  interior 
of  the  turbine  case.  Between  two  adjoining  diaphragms  is  there- 
fore produced  a  cell  or  very  flat  chamber  in  which  the  moving 
wheel   revolves.      The   shaft   passes   through   the   diaphragms   in 


Fig.  391. 


collar-  of  anti-friction  metal  witli  very  slight  friction.  In  the  first 
diajiliragin  which  the  steam  passes  through  the  distributing  vanes 
are  placed  only  upon  a  part  of  the  circumference.  Partial  injec- 
tion of  the  steam  is  therefore  obtained,  and  thus  the  velocity  of 
the  steam  is  better  utilized.  ]\roreover,  to  produce  the  same 
cflFect  the  useful  part  of  each  distributor  is  set  with  an  angular 
advance  on  the  preceding  section ;  this  angle  of  advance  is  calcu- 
lated according  to  the  speed  of  rotation,  so  that  the  steam  leaving 
one  moving  wlieel  enters  into  tlie  following  distributor  and  never 
encoiinters  a  solid  wall  which  would  produce  a  shock  and  therefore 
a  h»--^  of  kinetic  energj-.     For  the  last  wheels  it  is  necessary  to 
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employ  total  injection,  that  is  to  say,  the  distributing  vanes  must 
be  set  upon  the  whole  circumference  of  the  diaphragm,  and  more- 
over, owing  to  the  expansion  of  the  steam,  the  radius  must  be 
increased.  The  bearings  of  these  turbines  are  external,  and  by 
means  of  a  special  system  of  spring  packing  they  are  kept  perfectly 
tight.  'No  oil  is  carried  by  the  exhaust  steam  to  the  condenser, 
and  this  has  an  important  advantage  as  the  water  of  condensation 
can  be  used  for  feeding  steam  boilers  direct  without  any  neces- 
sity for  the  use  of  an  oil-separator.  The  speed  of  rotation  is  con- 
trolled by  a  centrifugal  governor  with  a  Denis  compensator,  which 
acts  upon  an  obturator  which  controls  the  pressure  of  steam  enter- 
ing the  turbine. 

12.  High  and  Low  Pressure  Turbines. — In  the  case  of 
installations  where  exhaust  steam  must  be  used,  a  subject  which 
we  shall  consider  in  detail  at  a  later  stage,  it  is  often 
desirable  to  supply  the  turbines  temporarily  with  steam 
at  high  pressure  when  the  primary  machine  is  stopped  or 
is  furnishing  less  steam,  and  the  work  done  by  the  tur- 
bine must  remain  the  same.  In  order  to  obtain  economical 
working  it  is  preferable  not  to  expand  this  steam  in  order  to  lower 
it  to  the  pressure  for  Avhich  the  low-pressure  turbine  is  built. 
Therefore,  the  author  has  designed  a  turbine  which  may  be  de- 
scribed as  of  the  mixed  type,  and  this  can  be  supplied  either 
simultaneously  or  separately  by  steam  at  high  pressure  and  by 
steam  at  low  pressure  without  any  lowering  of  the  efficiency  of  the 
mechanism.  In  order  to  attain  this  result  the  turbine  is  con- 
structed in  two  parts,  one  designed  for  high-pressure  steam  and  the 
other  for  low-pressure  steam.  The  steam  at  high  pressure  having 
done  work  in  the  first  portion  will  pass  to  the  second  portion,  which 
may  be  fed  either  by  steam  coming  from  the  accumulator  or  by 
the  exhaust  from  the  first  portion.  The  admission  of  high-pressure 
steam  into  the  first  portion  is  automatically  obtained  by 
means  of  a  special  regulator  which  allows  steam  from  the  boilers 
to  pass  to  the  first  portion  as  soon  as  the  pressure  in  the  accumu- 
lator falls  below  a  given  value.  This  arrangement,  which  has  been 
adopted  in  all  the  new  applications  of  the  system  to  the  use  of  ex- 
haust steam,  works  very  economically,  and  is  particularly  suitable 
to  cases  in  which  the  primary  machine  works  irregularly,  and 
where  therefore  the  demand  for  live  steam  is  frequent  and  some- 
what prolonged.  In  the  small  machines  the  two  portions  are 
usually  joined  together. 

13.  Efficiency  of  Turbines. — It  is  essential  that  the  word  effi- 
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v'wm'\  should  bo  clearly  defined  in  order  to  avoid  any  misconcep- 
tion as  to  the  figures  which  are  given  below.  The  author  uses 
the  expression  "  Theoretical  consumption  of  the  perfect  machine  " 
to  denote  the  maximum  work  which  the  steam  is  capable  of  supply- 
ing when  starting  from  the  saturated  or  superheated  condition  in 
which  this  steam  is  delivered  to  the  engine  and  expanding 
adiabatically  with  no  loss  of  admission  pressure  P  to  exhaust  pres- 
sure p.  By  comparing  the  actual  consumption  of  steam  as  meas- 
ured during  the  tests  of  the  machine  with  this  theoretical  consump- 
tion of  the  perfect  machine  for  identical  conditions  of  pressure  and 
similar  states  of  the  steam  the  net  efficiency  of  the  machine  is 
obtained.  After  special  study  of  the  question,  the  author  has  been 
able  to  draw  a  curve  of  theoretical  consumption  and  to  derive  from 
it  the  following  empirical  formula  for  use  when  the  steam  is 
saturated  and  dry  at  admission : 

log  i^  —  log^ 

14.  This  formula  gives  the  consumption  K  in  kilograms  per 
horse-power-hour  of  75  kilogrammetres  as  a  function  of  the  abso- 
lute pressures  P  and  p  expressed  in  kilograms  per  square  centi- 
metre.   In  British  measures  this  formula  becomes^ — 

log  J^  —  log  p 

K  in  lbs.  per  horse-power-hour,  P  and  p  in  lbs.  per  square  inch. 
The  curve  which  is  given  in  Fig.  392  will  readily  afford  inter- 
esting information,  particularly  if  it  be  necessary  to  estimate 
the  consumption  of  steam  with  a  given  machine  to  obtain  a  certain 
useful  effect.  In  that  case  the  theoretical  consumption  per  horse- 
power-hour given  by  the  curve  should  be  compared  to  the  exact 
consumption  of  steam  actually  observed  with  the  machine,  and  of 
course  referring  to  the  particular  number  of  electrical  horse-power 
develo[x?d  by  the  dynamo  driven,  or  to  the  power  in  water  raised 
(expressed  in  horse-power-hours),  if  pumps  are  driven  by  the  ma- 
chine. The  relation  between  these  two  figures  of  consumption 
gives  the  c;ornbined  efficiency  of  the  group,  and  therefore  takes 
account  of  all  the  losses  of  the  steam  engine  and  of  the  driven 
mechanism.  This  combined  efficiency  is  merely  the  product  of 
the  cfficiencv  oi  the  prime  mover  multiplied  by  the  efficiency  of 
the  marhin<'  driven.  If  the  steam  admitted  to  the  turbines  is 
superheated,  then  of  course  in  estimating  the  theoretical  consump- 
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tion  the  extra  calorific  energy  corresponding  to  the  superheat  must 
be  taken  into  account;*  but  for  the  exact  estimation  of  this  extra 
energy  we  have  not  as  yet  adequate  precise  knowledge  of  the 
specific  heat  of  the  vapor  of  water.  At  present  we  have  merely 
the  figure  obtained  by  Eegnault  after  very  cursory  experiments 
(0.48),  a  figure  which  is  merely  a  rough  approximation. 

£x.fux.u.^     Pre^svurt',     kg.  per    crrv^ 
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Fig.  392. 

15.  The  author  has  begun  some  experiments  upon  this  subject 
from  which  he  believes  he  will  be  able  to  prove  that  the  true 
specific  heat  of  steam  is  not  constant,  as  has  been  usually  supposed 
up  to  the  present.  It  varies  inversely  as  the  amount  of  superheat, 
and  is  probably  approximately  unity  for  very  small  values  of  super- 
heat, and  approaches  0.40  for  large  amounts  of  superheat. 

16.  Calculation  of  the  Efficiency  of  Turhines. — The  efficiency 
of  a  turbine  may  be  calculated  a  priori  when  a  preliminary 
study  has  been  made  of  the  practical  coefficients  which  must 
be  introduced  into  the  theoretical  formula.  We  calculate 
this    efficiency    with    quite    a    remarkable    degree    of    accuracy 

*  These  results  were  published  for  the  first  time  in  tlie  Annates  des  Mines  de 
Paris,  in  February,  1807,  and  since  that  date  Lave  on  many  occasions  been  repub- 
lished in  various  French  and  foreign  publications. 


71)4  DIFFERENT   APPLICATIONS   OF   STEAM   TURBINES. 

bv  dividing"  the  losses  of  the  machine  under  two  headings: 
1st,  the  internal  losses  which  are  produced  by  friction  and 
eddying  of  the  steain  in  the  fixed  and  moving  vanes ;  2d,  the  exter- 
nal losses  which  correspond  to  the  leakages  of  steam  in  the  play 
between  the  fixed  and  moving  parts,  and  to  the  friction  of  the 
wheels  upon  the  steam  and  to  the  friction  of  the  bearings.  The 
first  kind  of  losses  gives  rise  to  the  irdencal  efficiency,  which  may 
therefore  be  called  the  ^'  hydraulic  efficiency  "  by  extending  the 
use  of  the  term  employed  for  hydraulic  turbines.  This  internal 
efficiency  depends  upon  the  more  or  less  perfect  form  of  the  vanes, 
and  also  to  the  relation  between  the  peripheral  speed  of  the  mov- 
ing vanes  and  the  speed  of  flow  of  the  steam.  It  is  possible  to 
draw  a  curve  showing  the  efficiency  as  a  function  of  the  peripheral 
velocity,  and  therefore  it  is  easy  to  at  once  assign  the  degree  of 
efficiency  which  a  given  turbine  will  realize. 

17.  Once  having  fixed  the  internal  efficiency,  then,  in  order  to 
obtain  the  net  efficiency,  we  must  deduct  the  losses  by  leakage  as 
well  as  the  losses  by  friction  of  the  wheels  upon  the  steam,  and  also 
those  in  the  bearings.  Let  us  take,  for  example,  a  multicellular 
turbine  of  1,500  brake  horse-power  upon  the  shaft  with  a  speed 
of  1,500  revolutions  per  minute.  By  means  of  practical  coeffi- 
cients found  by  experience  we  can  calculate  that  the  internal  effi- 
ciency of  such  a  machine  may  easily  rise  to  69  per  cent. ;  on  the 
other  hand,  the  losses  by  leakage  and  by  friction  in  the  bearings 
absorb  1-5  per  cent,  of  the  normal  power,  and  the  losses  due  to 
friction  of  the  wheels  upon  the  steam  amount  to  2.5  per  cent.,  mak- 
ing a  total  for  the  external  losses  of  4  per  cent.  The  net  efficiency 
npon  the  shaft  at  the  speed  stated  will  then  be  0.69  multiplied  by 
U.!jG=0.G6.  From  this  value  of  efficiency  it  is  easy  to  calculate  the 
consumption  of  steam  per  horse-power-hour  which  would  be  re- 
quired by  this  turbine  under  conditions  of  pressure  and  of  super- 
heat of  the  steam  already  detennined.  All  calculations  for  designs 
of  turbines  that  we  have  made  by  this  means  have  always  proved 
correct  within  1  to  2  per  cent,  of  actual  practice.  Such  accurate 
f-ril'^'ulations  are  not  possible  in  the  case  of  reciprocating  engines 
uv.  ing  to  the  action  of  the  cylinder  walls,  which  makes  calculations 
uncertain  and  often  inaccurate,  whilst  in  the  turbine  the  continuity 
of  flow  of  the  steam  allows  practical  calculations  of  a  high  degree 
of  accuracy  to  be  based  upon  theory  once  having  determined  the 
fundamental  coefficients  which  are  employed  in  the  formulae.  For 
a  more  detailed  consideration  of  the  use  of  these  coefficients  the 
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author  refers  to  the  work  which  he  published  in  1903  in  the 
"  Kevue  de  Mecanique  '^  entitled  ^^  Theorie  elementaire  des  Tur- 
bines a  Vapeur.'^ 

18.  The  Results  of  Actual  Practice. — The  author  began  the  con- 
struction of  his  first  multicellular  turbines  in  the  year  1898  in 
collaboration  with  the  firm  of  Messrs.  Sautter-Harle  of  Paris,  and 
there  are  now  already  at  work  or  in  process  of  manufacture  tur- 
bines developing  more  than  25,000  horse-power  in  units  varying 
from  10  to  2,000  horse-power  irrespective  of  the  designs  now  in 
preparation.  Some  of  these  turbines  are  used  for  driving  dyna- 
mos, others  for  pumps,  for  fans,  and  for  the  propulsion  of  vessels. 
The  author  has  appended  a  brief  abstract  of  the  conditions  and 
economical  results  of  the  most  interesting  of  these  installations. 

19.  Turho-Dynamos  for  Direct  Current. — The  company  of  the 
mines  of  Penarroya  in  Spain  installed  in  their  central  electric 
lighting  station  a  little  more  than  a  year  ago  three  groups  of  turbo- 
dynamos  developing  500  electric  horse-power  with  direct  current 
at  240  volts.  Each  of  these  three  generating  sets  comprises  two 
turbines  for  high  and  low  pressure,  and  two  dynamos  for  direct 
current,  the  latter  directly  driven  from  the  turbines  upon  the 
same  shaft  and  upon  the  same  bedplate,  and  the  two  dynamos 
supply  a  three-wire  network  with  a  potential  of  480  volts  between 
the  outer  wires.  The  speed  of  rotation  is  about  2,200  revolutions 
per  minute,  and  the  floor  space  occupied  by  the  turbine  with  its 
two  portions  is  only  12  feet  by  5  feet  6  inches,  with  a  height  of 
5  feet  inclusive  of  a  bed-plate  1  foot  high.  The  condensation  of 
the  steam  is  carried  out  by  means  of  ejector-condensers  of  a  type 
designed  by  the  author. 

20.  Pigs.  393  and  394  show  a  longitudinal  section  and  a  plan 
of  the  turbine  which  has  twenty-four  moving  wheels.  The 
works  tests  of  the  first  group  were  made  in  September,  1902, 
with  the  gi-eatest  care,  and  they  have  given  the  results  which  are 
shown  in  Table  I.  The  condensation  was  made  for  these  tests  by 
means  of  a  surface  condenser  belonging  to  the  works,  so  that  the 
water  of  condensation  might  be  collected  and  measured.  It  will 
be  seen  that  the  vacuum  at  the  condenser  declined  as  the  power  in- 
creased. This  result  arises  from  the  fact  that  the  condenser  was 
designed  for  machines  of  250  horse-power  only,  and  therefore  was 
of  insufficient  size  for  the  larger  volumes  of  steam. 

21.  It  follows  from  the  preceding  figures  that  a  turbine  develop- 
ing  644  electric  horse-power  and  working  without  appreciable 
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superheat  between  an  admission-pressure  of  156  lbs.  absolute 
and  an  exhaust-pressure  of  1.8  lbs.  (notably  higher  than  the  re- 
sults given  by  good  condensers  in  practice)  has  given  the  reduced 
consumption  of  14.9  lbs.  per  electrical  horse-power  at  the  ter- 
minals ;  the  combined  efficiency  for  the  set  being  then  59  per  cent, 
when  compared  with  the  energy  contained  in  the  steam  for  the 
same  fall  of  pressure.  With  steam  at  180  lbs.  superheated  50 
degrees  and  a  vacuum  of  29  inches  of  mercury,  the  consumption  at 
2,400  revolutions  per  minute  would  decrease  to  11.5  lbs.  per  elec- 
trical horse-power-hour. 

TABLE  I. 


Data. 


Electrical  H.P.  at  brushes. 

Adiuissiou  pressure,  absolute, 
lbs.  per  sq.  in. 

Exhaust  pressure,  -  absolute, 
lbs.  per  sq.  in. 

Theoretical  steam  consump- 
tion of  perfect  engine  per 
H.P.  hour lbs. 

Actual  steam  consumption  per 
electrical  H.P.  hour  at 
brushes lbs. 

Combined  efficiency  of  the 
electrical  generating  set. 


I  Load. 

^  Load. 

Full 
Load. 

Over- 
load. 

135 

259 

525 

627 

46.21 

76.6 

136 

156 

1.24 

1.33 

1.63 

1.82 

10^93 

9.8 

8.89 

8.73 

21.3 

18 

15.8 

15.39 

0.513 

0.540 

0.560 

0.569 

Over- 
load at 
2,400  rev. 


641 
156 
1.82 

8.73 

14.90 

0.580 


22.  Fig.  395  gives  the  curves  corresponding  to  the  figures 
taken  at  a  speed  of  2,400  revolutions  per  minute.  The  abscissae 
denote  the  power  of  the  machine  in  electric  horse-power  at 
the  tenninals  of  the  dynamos.  The  ordinates  vary  with  the 
curves.  For  curve  A  the  ordinates  denote  the  absolute  pressure 
of  the  steam  on  reaching  the  turbine  in  lbs.  per  square  inch.  For 
curve  B  they  show  the  absolute  back  pressure  at  the  exhaust  in  lbs. 
per  square  inch.  For  curve  C  they  show  the  total  consumption  of 
steam  in  lbs.  per  hour,  and  for  curve  D  they  show  the  consumption 
per  electrical  horse-power  in  lbs.  per  hour,  and  lastly  for  curve 
E  they  show  the  combined  efficiency.  These  graphic  curves  show 
clearly  a  remarkable  characteristic  of  turbines  which  is  the  very 
low  relative  consumption  of  steam  at  small  loads.  It  will  be  seen 
that  in  order  to  drive  the  machine  at  its  normal  speed  with  no  load 
but  with  the  dynamo  excited,  the  total  consumption  of  steam  is 
only  10  per  cent,  of  that  at  full  load.  With  reciprocating  engines 
the  result  would  be  very  different.    Under  similar  conditions  the 
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consmnption  of  steam  at  no  load  with  the  djTiamos  excited  usually 
reaches  from  20  to  25  per  cent,  of  the  consumption  of  steam  at  full 
load.  It  therefore  follows  that  turbine  sets  are  more  advantageous 
than  reciprocating  engine  sets  when  running  at  light  loads,  even 
supposing  it  be  admitted  that  there  is  equality  at  heavy  loads.  An- 
other valuable  property  of  steam  turbines  is  that  they  may  be  con- 
siderably overloaded  without  difficulty.  Thus,  in  the  case  of  the 
machines  at  Penarroya,  which  were  designed  for  500  horse-power, 
they  have  been  able  to  develop  650  electrical  horse-power,  and  the 
output  could  have  been  raised  even  still  higher  had  it  not  been 
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EffecUie    H  P.  (Uectric) 

Fig.  395. 

for  the  overheating  of  the  commutators  of  the  dynamos.  In  our 
machines  we  are  enabled  to  take  an  overload  by  supplying  steam 
to  a  distributor  more  or  less  distant  from  the  inlet  in  the  series  of 
successive  distributors.  The  stop  valves  which  regulate  this  sup- 
plementary admission  can  be  moved  by  hand  or  controlled 
mechanically  by  the  governor.  The  second  group  was  submitted 
to  a  competent  committee  (consisting  of  Professors  Stodola,  Wyss- 
ling  and  Farny  of  the  Zurich  Polytechnicum)  and  this  commission 
found  the  figures  for  consumption  of  steam  a  little  higher  (from 
2  to  4  per  cent.),  the  ampere  meter  brought  from  Ziirich  having 
given  somewhat  higher  readings  than  the  instruments  standardized 
by  the  central  laboratory  of  the  Ecole  superieure  d'Electricite  in 
Paris. 

23.  These  sets  of  turbo-dynamos  for  direct  current  have  proved 
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somewhat  iinsatisfactory  in  practice,  owing  to  the  sparking  of  the 
brushes  occasioned  by  the  vibration  of  the  armatures.  The  com- 
mutators of  direct-current  dynamos  are,  as  is  well  kno\\'Ti,  the 
delicate  parts  of  these  machines,  particularly  when  they  have  to 
run  at  such  a  great  angular  velocity  as  is  necessary  if  direct 
coupled  to  steam  turbines.  In  order  to  obtain  sparkless  running 
special  arrangements  must  be  made  for  absorbing  the  vibration, 
but  it  is  very  difficult  to  maintain  in  good  equilibrium. such  hetero- 
geneous bodies  as  the  armatures  of  dynamos  consisting  of  bars  of 
copper  which  become  slightly  displaced  under  the  action  of  centrif- 
ugal force  owing  to  the  compression  of  insulating  material. 
Special  arrangements  for  static  equilibrium,  and  also  for  dynamic 
equilibrium  have  been  designed,  but  the  construction  of  the  arma- 
tures is  still  always  somewhat  delicate,  and  it  is  only  after  several 
improvements  that  it  has  been  possible  to  make  them  work  well. 
At  Peiiarroya  the  vibrations  were  caused  principally  by  want  of 
level  between  the  bearings,  and  this  was  brought  about  by  settle- 
ment of  the  masonry  supporting  the  machine.  In  order  that  bodies 
in  rapid  rotation  upon  very  long  shafts  supported  by  several  bear- 
ings may  turn  easily  without  vibration,  it  is  indispensable  that  the 
principal  axis  of  inertia  of  each  part  should  coincide  with  the  axis 
of  rotation,  and  the  bearings  must  be  in  correct  alignment.  In 
spite  of  these  difficulties  it  has  been  possible  to  build  good  direct- 
current  dynamos  for  direct  coupling  to  turbines,  and  when  the 
voltage  is  high  the  problem  is  simpler.  Owing  to  the  high  periph- 
eral velocity  of  the  commutator  it  is  usually  necessary  to  employ 
metallic  brushes,  but  in  certain  cases,  notably  with  turbines  sup- 
plied by  steam  at  low  pressure  when  the  angular  velocity  is  lower 
it  has  been  possible  to  use  carbon  brushes.  The  machine  at  Bruay, 
which  will  be  referred  to  later  on,  is  an  example.  Among  other 
sets  for  direct  current  built  by  Messrs.  Sautter-IIarle  may  be 
mentioned  one  of  500  horse-power  for  Huta-Bankowa  (Russian 
Poland),  which  is  interesting  from  the  fact  that  the  two  portions 
of  the  turbine  and  the  two  dynamos  were  built  on  two  parallel 
shafta.  Tliis  arrangement  offers  the  advantage  that  one  of  the 
halves  of  the  group  can  be  used  if  the  other  is  accidentally 
damaged. 

24.  Turbines  with  Alternators. — The  construction  of  generators 
for  two-phase  and  three-phase  current  for  direct  driving  by  tur- 
bines oflFers  much  less  difficulty  than  the  design  of  direct-current 
dynamos  for  the  saine  purpose.     The  absence  of  the  commutator 
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renders  possible  higher  angular  velocities  for  alternators  than  for 
direct-current  dynamos.  Three  types  of  alternators  have  been 
tried  successively.  The  machine  with  the  solid  rotor,  that  with  the 
rotating  field  magnet  and  that  with  the  rotating  armature.  The 
first  type  would  be,  from  a  mechanical  point  of  view,  the  ideal  gen- 
erator for  coupling  to  a  steam  turbine.  Unfortunately  from  its 
design  it  is  impossible  to  use  speeds  higher  than  1,500  revolutions 
per  minute  for  a  frequency  of  50  periods  per  second.  On  the  other 
hand,  this  type  of  machine  permits  much  greater  magnetic  leak- 
age than  the  others,  and  this  necessitates  disproportionately  large 
dimensions  and  a  comparatively  low  efficiency.  These  circum- 
stances are  unfortunate,  for  the  alternator  with  the  solid  rotor 
would  permit  of  making  the  movable  part  of  very  solid  construc- 
tion which  is  easy  to  balance  once  for  all  and  thus  avoid  any  chance 
of  mishap.  It  is  on  these  grounds  that  types  of  alternators  with 
revolving  field-magnates  or  revolving  armature  are  in  actual  use, 
and  ]\Iessrs.  Sautter-Harle  have  already  built  a  great  number  of 
them.  The  view  in  Fig.  396  represents  a  turbo-alternator  with  re- 
volving field-magnets  to  develop  400  electric  horse-power  at  5,500 
volts,  and  this  machine  is  now  working  in  the  generating  station 
of  the  Loire  Electricity  Co.  The  moving  part  of  this  machine 
makes  3,000  revolutions  per  minute.  The  results  of  tests  have 
been  as  follows : 

Pressure  of  steam 170  pounds  absolute. 

Back  pressure  of  the  exhaust 2.85  pounds. 

Output  of  the  terminals 388  electric  horse-power. 

Consumption  of  steam  per  electrical  horse-power,  in- 
cluding excitation 19.2  pounds. 

Combined  efficiency 48.7  per  cent. 

25.  The  efficiency  obtained  could  have  been  much  improved  by 
increasing  to  a  slight  extent  the  dimensions  of  the  turbine  wliicli 
had  only  twelve  moving  wheels,  but  even  now  it  is  comparable  with 
turbine  sets  of  the  same  power  of  other  types.  Three  similar  sets 
working  with  superheated  steam  are  now  being  constructed  for 
the  factories  of  Pa^dn  de  Lafarge  at  Teil  (Ardeche).  The  results 
guaranteed  by  the  makers  are  as  follows : 

Pressure  of  steam  on  admission  to  the  turbine 156  pounds. 

Vacuum  in  the  condenser 26  inches. 

Temperature  of  the  steam 270  degrees  C. 

Consumption  of  steam  per  electrical  horse-power  at  the  terminals, 

including  excitation   15  pounds. 

All  these  different  machines  are  fitted  with  ejector  condensers. 
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'2Ck  a  machine  of  2,000  kilowatts  at  1,500  revolutions  per  min- 
ute would  have  a  turbine  efficiencv  of  68  per  cent.,  which  would 
enable  the  following  guarantee  to  be  given,  assuming  the  use 
of  sui>erheated  steam  and  the  condenser  giving  a  very  good 
vacuum,  which  it  is  easy  to  obtain  with  steam  turbines  in  which 
there  is  no  entrance  for  the  air: — 

Pressure  of  steam  on  admission  to  the  turbine 200  pounds. 

Vacuum  in  the  condenser 29  inches. 

Temperature  of  the  steam 6G0F. 

Consumption  of  steam  per  hoise-power  hour   upon  the  shaft  of 

the  turbine 8.5  pounds. 

Consumption  of  steam  per  kw.  hour  at  the  terminals 12.2    pounds. 

This  is  a  far  better  result,  we  believe,  than  can  be  given  by 
reciprocating  engines,  and  this  can  be  obtained  with  steam  turbines 
under  the  conditions  specified. 


Fig.  390. — iOO  Electric  H.P.  Turbo-Alternator,  3,000  revs.,  with 
Revolving  Field  Magnet. 

l'T.  2\irhines  for  Vessels. — The  author  read  a  paper  on  the  25th 
of  March  last  in  London  before  the  meeting  of  the  Institution  of 
Xaval  Architects  upon  the  application  of  steam  turbines  to  the 
propulsion  of  vessels.  lie  then  described  the  difficulties  which 
occur  in  the  application  of  turbines  to  the  propulsion  of  vessels 
which  are  a.s  follows: — 

(1)  The  difficulty  of  adapting  screw  propellers  to  the  high 
8pocds  of  rotation  of  the  turbines. 

(2)  The  poor  efficiency  of  turbines  at  low  velocity. 
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(3)  The  inconvenience  of  the  combination  in  stopping  and 
approaching  quays. 

28.  The  author  believes  that  the  best  solution  ^vill  be  reached  in 
the  employment  of  a  reciprocating  engine  of  small  power  and  of 
steam  turbines  coupled  to  independent  shafts  so  that  the  recipro- 
cating engine  would  always  be  working  at  any  speed  of  the  vessel. 
Then  each  type  of  machine  would  be  perfectly  adapted  to  the  part 
which  it  has  to  play  and  excellent  results  in  consumption  of  fuel 
would  be  obtained  at  all  speeds.  The  author  gives  below  a  short 
account  of  the  actual  results  obtained  by  turbines  in  the  propul- 
sion of  vessels. 

29.  Torpedo  Boat  243. — The  equipment  of  the  French  torpedo 
boat  ~^o.  243  with  steam  turbines  Avas  decided  upon  several  years 
ago,  in  1898.  The  French  Admiralty  wished  at  that  time  to  make 
experiments  upon  turbines  and  upon  the  working  of  multiple 
propellers.  In  order  to  reduce  the  costs  of  this  experiment  as  far 
as  possible  it  was  thought  desirable  to  make  use  of  the  hull  of  an 
ordinary  torpedo  boat,  but  great  difficulty  was  found  in  making 
room  for  the  turbines,  and  moreover  the  propeller  shafts  were 
placed  very  high  at  the  turbine  end  and  were  necessarily  con- 
siderably inclined;  in  this  case  to  11  per  cent,  from  the  horizontal. 
The  back  supports  had  to  be  considerably  increased,  and  there- 
fore the  total  resistance  of  the  boat  was  much  greater.  All  these 
conditions  are  extremely  unfavorable  and  the  screws  fixed  upon 
the  inclined  shafts  gave  a  very  bad  efficiency.  The  two  turbines, 
each  of  a  nominal  output  of  900  horse-power,  are  completely 
independent  of  each  other.  They  are  provided  on  the  exhaust  side 
with  a  single  moving  wheel  for  movement  in  a  reverse  direction. 
As  the  experiment  was  solely  made  to  see  if  the  installation  of 
turbines  with  propellers  of  small  diameter  was  suitable  for  pro- 
ducing in  a  vessel  a  speed  comparable  to  that  given  by  a  recipro- 
cating engine,  the  backward  movement  of  the  turbine  was  will- 
ingly sacrificed.  Very  careful  experiments  have  been  made  with 
this  machinery,  and  it  will  be  seen  from  the  table  given  below 
that  a  speed  of  21  knots  has  been  attained.  It  is  quite  certain 
that  if  the  shafts  had  not  been  set  at  such  a  great  inclination  a 
speed  of  24  knots  would  easily  have  been  exceeded,  for  the  tur- 
bines gave  an  output  somewhat  higher  than  was  expected. 

30.  The  turbines  worked  in  a  most  satisfactory  manner,  as  is 
proved  from  the  numerous  reports  of  the  trials  made  under  the 
control  of  the  Engineers  of  the  French  ITavy. 
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SI.  A  Vessel  Built  ly  Messrs.  Yarrow  &  Co. — The  vessel  of 
Messrs.  Yarrow  &  Co.  is  similar  to  torpedo  boats  of  the  first  class 
usually  constructed  by  tliis  firm  and  similar,  with  the  exception  of 
the  turbines  and  propellers,  to  the  "  Tarantula  "  upon  which  Par- 
sons turbines  are  used.  The  boat  is  of  140  tons  burden,  and  is  pro- 
vided with  three  propeller  shafts  driven  simultaneously  and  sepa- 
rately by  a  turbine  divided  into  two  portions,  and  a  reciprocating 
engine.  This  latter  engine  develops  250  brake  horse-power  and 
drives  a  central  shaft  which  is  completely  independent  of  the 
turbines.  The  side  shafts  are  driven  by  a  turbine  in  two  parts, 
arranged  in  series  and  rotating  in  opposite  directions.     The  re- 


TABLE   II. 

ToHPF.no  Boat  No.  243.     Trials  of  January  22,  1903. 

Six  Propellers:  Diam.,  23.6  in.;   Pilch,  19.7  in. 


Number  of  Trial. 

T. 

II. 

III. 

IV. 

Speed  of  vessel   (mean   of   three   runs) 

knots. 

Rotation  of  turbines revs,  per  min. 

Effective  pressure  of  steam  on  admission 

to  turbines lbs.  per  sq.  in. 

Condenser  vacuum ins. 

17.07 
1,348 

68.26 
28 
0.217 

19  59 
1,  ,572 

100.98 
28 
0.230 

20.94 

1,748 

129.42 

27 
0.260 

21.26 

1,774 

132.26 

27.5 

Mean  slip  of  propellers 

0.260 

ciprocating  engine  was  used  by  us  in  order  to  obtain  a  velocity 
of  10  to  14  knots  in  the  best  conditions  of  consumption  of  coal, 
and  so  that  movement  astern  might  be  easily  effected.  The  above 
combination  adopted  by  Messrs.  Yarrow  &  Co.  has  given  the 
expected  results;  but  it  is  not  the  only  possible  design,  and  the 
author  thinks  that  it  would  have  been  even  more  advantageous 
to  arrange  the  driving  mechanism  so  that  the  reciprocating  engine 
instead  of  allowing  its  exhaust  to  escape  directly  to  the  condenser 
should  pa.ss  it  into  the  turbine  at  low  pressure  and  perhaps 
even  into  the  turbine  at  high  pressure  during  a  slow  speed 
run.  The  turbine  of  the  Yarrow  boat  can  develop  more  than 
2,000  horse-power.  The  high-pressure  portion  is  represented  in 
longitudinal  section  in  Fig.  ?>\)1.  At  the  points  where  the 
shaft  passes  through  the  frame  tightness  is  obtained  by  a 
system  of  special  packing,  the  same  as  that  employed  upon  land 
turbines.  A  special  governor  assures  constant  pressure  upon  the 
four  packings  so  as  to  prevent  all  entrance  of  air,  and  owing  to 
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this  arrangement  it  is  quite  easy  to  obtain  an  excellent  vacuum 
in  the  condenser.  Several  tests  were  made  upon  this  vessel  be- 
tween the  13tli  October,  1903,  when  it  first  went  out  and  the 
present  date.  The  table  of  experiments  made  on  the  19th  Janu- 
ary, 1904,  after  the  propellers  had  been  improved  is  given  below. 
The  speed  of  25  knots  which  had  been  attained  in  the  first  trial 
of  the  boat  has  been  increased  to  26.39  knots  by  giving  to  the 
turbines  a  little  more  than  the  quantity  of  steam  for  which,  they 


were  designed. 


TABLE  III. 


Messrs.  Yarrow  &  Co.'s  Torpedo  Boat.     Trials  op  January  19,  1904. 


Number  of  Trial. 


Effective  pressure  of  steam  on  admission  to  H.P. 
turbine lbs.  per  sq.  in. 

Condenser  vacuum inclies. 

Speed  of  vessel  (two  runs) knots.  •< 

Mean  speed  of  vessel knots. 

Rotation  of  reciprocating  engine,  .revs,  per  min. 

Rotation  of  H.P.  turbine revs,  per  min. 

Rotation  of  L.P.  turbine revs,  per  min. 

(  Reciprocating  engine,  per  cent. 

Slip  of  propellors  -  H.  P.  turbine per  cent. 

(  L.P.  turbine per  cent. 


I. 

II. 

III. 

50 

100 

150 

28 

27.5 

27 

15.58 
20.00 
17.79 

19.25 
28.58 
21.39 

28.22 
26.67 
24.94 

458 
836 
886 

508 
1,052 
1,065 

555 
1,207 
1,282 

28.7 
13.6 
24.0 

22.4 
17.4 

28.2 

17 
16.4 

27.8 

IV. 


170 

27 

25.714 
27.067 
26.39 

576 

1,258 
1,807 

15.8 
14.8 

27.8 


32.  The  propeller  shafts  were  for  this  test  each  fitted  with  two 
propellers.  The  author's  opinion  on  this  subject  is  that  the  use 
of  a  single  propeller  upon  the  same  shaft  is  certainly  likely  to  give 
a  better  efficiency.  The  arrangement  of  propellers,  one  in  front  of 
the  other  is  defective.  The  aft  propeller  works  in  the  moving  tail 
water  from  the  former.  It  is  certain  that  the  speed  of  26.4  knots 
can  be  still  further  improved  and  will  become  equal  or  even  higher 
than  the  maximum  speed  given  by  reciprocating  engines.  The  use 
of  a  single  propeller  for  each  shaft  necessitates  a  peripheral  diam- 
eter greater  than  the  pitch  in  order  to  obtain  sufficient  propulsive 
surface.  Under  such  conditions  the  efficiency  can  never  be  good 
unless  the  inclination  of  the  shafts  to  the  horiontal  is  very  slight. 
In  spite  of  this  it  is  probable  that  the  efficiency  of  these  propellers 
with  a  relatively  small  pitch  i.s  distinctly  less  than  that  of  ordinary 
propellers.     Fortunately,  this  inferiority  can  be  compensated  by 
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the  fact  that  the  efficiency  of  well-designed  turbines  is  a  little 
higher  than  that  of  the  reciprocating  engines  used  on  board  ship. 

33.  Turhine-D riven  Pumps. — The  application  of  steam  turbines 
for  the  purpose  of  direct  driving  of  centrifugal  pumps  enables 
most  remarkable  results  to  be  obtained  and  particularly  renders 
possible  height  of  lifts  much  greater  than  those  which  are  at  pres- 
ent obtained.  It  is  well  known  that  the  pressure  produced  by  the 
wheel  of  a  centrifugal  pump  increases  directly  as  the  square  of  the 
peripheral  speed,  and  therefore  with  the  velocity  produced  by 
steam  turbines  it  becomes  possible  with  a  single  wheel  to  raise 
large  volumes  of  water  to  heights  of  more  than  900  feet  in  a  single 
lift.  The  author,  in  the  '^  Rapport  au  Congres  de  Mecanique/'  in 
1900  published  the  drawing  of  a  turbo-pump  of  only  one  wheel 
enabling  the  attainment  of  a  head  of  TOO  feet  and  developing 
a  useful  power  of  more  than  40  horse-power.  The  test  of  this 
pump  and  its  driving  turbine,  made  in  1900,  was  published  in 
Ventilateurs  et  Pomps  Centrifuges  a  Haute  Pression/'  1902. 
If  it  is  desired  to  obtain  either  greater  pressures  or  to  obtain 
the  same  results  with  relatively  lower  speeds  it  is  sufficient  to 
couple  steam  turbines  with  pumps  consisting  of  several  similar 
wheels  arranged  in  series  so  that  each  one  increases  by  an  equal 
quantity  the  pressure  already  given  by  the  preceding  wheels. 
The  author  has  himself  designed  a  particular  type  of  multi-cellular 
centrifugal  pumps.  These  machines  are  designed  upon  the  general 
ideas  set  forth  in  a  memoir  which  he  published  in  1892  in  the 
"  Bulletin  de  la  Societe  de  Tlndustrie  Minerale.''  The  principal 
results  of  the  general  theories  established  at  that  time  were  further 
developed  in  the  "Treatise  on  Turbo  Machines,''  which  appeared  in 
1897-1900,  in  which  the  author  showed  their  application  to  hydrau- 
lic turbines,  pumps,  and  centrifugal  fans.  From  a  practical  point 
of  view,  by  combining  the  advantage  of  high  velocities  of  rota- 
tion with  the  advantage  obtained  by  putting  the  wheels  in  series, 
it  would  be  quite  easy  to  deliver  to  heights  greater  than  1,500 
feet.  Some  notes  upon  this  subject  were  given  in  a  communication 
made  in  1902  to  the  "  Societe  d'Encouragement  pour  I'lndustrie 
!N^ationale.''  At  that  time  a  considerable  number  of  turbine- 
driven  pumps  had  been  manufactured  by  Messrs.  Sautter-Harle. 
Multi-cellular  turbine  pumps  form  very  light  sets,  which  are  com- 
pact and  extremely  simple.  Their  maintenance  is  very  low  for 
the  wear  is  almost  nil  and  the  cost  of  lubricating  oil  extremely 
small.    In  the  examples  referred  to  below  it  will  be  seen  that  the 
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eonsuinptioiis  of  steam  per  brake  horse-power  in  water  raised  are 
c'OJiiparable  A\dtli  those  of  good  piston  pumps. 

34.  Turbine-Drive7i  Puiwp  at  Falkenau  (Bohemia). — The  first 
machine  of  this  kind  which  was  made  was  delivered  to  the  mines 
of  Falkenau  in  Bohemia.  This  apparatus  consisted  of  a  single 
bedplate  iipon  which  were  mounted  a  steam  turbine  with  multiple 
wheels  onck>sed  in  the  same  casing,  and  a  pump  with  four  wheels 
also  mounted  in  a  single  case.  The  regulation  of  speed  was  ob- 
tained by  a  centrifugal  governor  arranged  in  the  base  of  the 
principal  bt^^ring,  Fig.  398.  The  lubrication  of  the  end  bearing 
of  the  shaft  on  the  pump  side  was  effected  by  means  of  a  little 
hydraulic  Servo  motor.  A  compensating  piston  enabled  the  longi- 
tudinal thrust  received  by  the  moving  part  of  a  pump  to  be  ex- 
actly comiterbalanced.  This  thrust  is,  moreover,  inconsiderable 
o\nng  to  the  special  arrangement  adopted  for  the  wheels  of  the 
])ump.  Condensation  of  the  steam  is  effected  by  means  of  an 
ejector-condenser  on  the  system  designed  by  the  author.  The  re- 
sults obtained  in  the  different  tests  of  this  set  may  be  shortly  set 
forth  as  follows : 

TABLE   IV. 

Admission  pressure  of  steam  P. 

lbs.  per  sq.  in.  82.5       91.9       94.6      97.5        104 
Exhaust  pressure  of  steam  j9  (vacuum  24.8 

ins.  of  mercury) lbs,  per  sq.  in.     2.47      2.47      2.47      2.47      2.47 

Revolutions  per  minute 3175      3200      3200      3200      3280 

Total  height  raised feet.     721        721         695        669        688 

I)i.'«charge  of  water gals,  per  min.     405        492        551         608        665 

Useful  work  in  water  raised H.P.       89     107.8     110.7     123.6     139.4 

Theoretical  coDSumption  of  steam  per  H.P. 

hoar lbs.       11       10.7       10.62     10.5         10 

Actual   consumption  of  steam  per   useful 

H  P.  of  water  raised lbs.  34.61     32.15     30.3       29.5       27.8 

Total   combined   eflBciency   of  the   turbine 

pump  0.315    0.335    0.350    0.355    0.360 

It  appears  from  these  figures  that  it  is  possible  with  such  a 
turbine-driven  ])ump  to  obtain  combined  efficiencies  of  36.5  per 
cent.,  which  corresponds  to  an  efficiency  for  the  pump  of  67  per 
cent,  and  an  efficiency  for  the  turbine  of  55  per  cent. 

35.  Turho-D riven  Pumps  at  Bruay. — A  more  powerful  turbo 
pump  ha.s  been  made  and  delivered  recently  to  the  Mining  Co., 
of  Bruay,  in  the  Pas-de-Calais.     This  set  can  raise  050  gallons  a 
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minute  to  a  height  of  1,200  feet.  The  complete  set  mounted  above 
a  small  tank  into  which  discharges  the  ejector-condenser,  which 
is  used  for  condensing  steam,  and  from  which  is  taken  the  suction 
of  the  principal  pump.  At  the  end  of  the  shaft  is  a  small  pump, 
which  is  directly  coupled  to  the  turbine,  and  furnished  water  to 
the  ejector-condenser  at  a  pressure  equivalent  to  a  head  of  18 
to  20  feet.  The  results  obtained  with  this  pump  at  full  load  were 
as  follows: — 

Discharge  in  gallons  per  minute 980  gallons. 

Total  lift 1,195  feet. 

Revolutions  per  minute 2,200. 

Absolute  pressure  of  the  steam  on  admission  to  the 

turbine 101  pounds. 

Absolute  back  pressure  at  the  exhaust 1 .  61  pounds. 

Power  in  water  raised 359  horse-power. 

Consumption  of  steam  per  horse-power  hour  in  water 

raised 22. 7  pounds. 

Total  net  efficiency 42 . 5  per  cent. 


Fig.  398. — Turbine  Driven  Pump  at  Falkenau  (Bohemia). 


36.  It  will  be  observed  that  the  total  efficiency  of  this  set  is  very 
high,  attaining  to  42.5  per  cent.  It  aWII  be  pointed  out  hereafter 
what  a  slightly  improved  efficiency  denotes  in  consmnption  of 
steam  when  high  pressures  of  steam  can  be  used.  One  of  the  chief 
advantages  of  turbo  pumps,  besides  their  excellent  efficiency,  is 
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the  extremely  small  floor  space  which  they  occupy  when  compared 
with  piston  pumps.  Their  dimensions  are  very  small,  and  they 
require  very  little  height,  so  that  they  can  be  placed  in  a  room 
which  has  no  greater  dimensions  than  that  of  an  ordinary  work- 
ing gallerv  in  a  ]>ir.  In  Fig.  ')5M)  are  shown  the  comparative  di- 
mensions of  the  chamber  in  the  mine  necessary  to  accommodate 
the  turbo  pumj)  which  we  have  just  described,  and  of  a  chamber 
necessary  to  accommodate  a  piston  pump  of  the  same  power.  The 
cubic  volume  of  the  masonry  work  is  approximately  in  the  pro- 
portion of  1  to  10. 

37.  Turho  Pumps  for  Boiler-Feed  Purposes. — This  class  of 
pump  can  be  used  very  readily  for  feeding  steam  boilers,  and 
several  such  sets  have  already  been  constructed.  When  there 
is  a  group  of  generators  of  the  same  size,  a  turbo  pump  can  easily 
carry  out  the  whole  feed  service  with  a  consumption  of  steam 
much  less  than  that  of  the  small  feed  pumps  usually  employed. 
Whilst  ordinary  reciprocating  pumps  consume  from  150  to  250 
pounds  of  steam  per  brake  horse-power  in  water  moved,  the  turbo 
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Fig.  o99.— Pump  Chambers  at  Bruay. 

A,  Reciprocating  Steam  piimp.        13,  Steam  Turbine  (Rateau). 

pump  for  boiler-feed  service  will  not  usually  require  more  than 
40  to  60  pounds  per  brake  horse-power.  An  automatic  system 
of  control  has  been  designed  by  the  author  which  enables  the  ap- 
paratus to  work  automatically  in  a  continuous  manner  even  when 
the  demand  falls  to  zero.  The  work  of  the  stoker,  so  far  as  the 
feed  service  is  concerned,  consists  simply  in  opening  the  feed  valve 
to  the  necessary  amount. 

38;  Turho  Pumps  of  Large  Output  for  liaising  Water  in  Towns. 
— Turbo  pumps,  both  from  the  ])oint  of  view  of  efficiency  and 
also  of  ease  in  working,  are  particularly  suitable  for  raising  water 
into  resen'oirs  for  the  service  of  towns.  The  following  figures  in- 
dicate results  whicji  run  be  Dbtaincd  with  llils  class  of  machine 
in  similar  conditions  to  those  that  exist  in  large  towns. 
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Delivery  in  gallons  per  minute 5,200. 

Height  to  wliicli  the  water  is  raised 460  feet. 

Actual  horse-power  in  water  raised '   . .  730  horse-power. 

Combined  efficiency  including  condensation 46  per  cent. 

Pressure  of  steam  in  pounds  per  square  inch 210. 

Vacuum  at  the  exhaust 03  inches. 

Super-heat  in  the  steam 100  decrees. 

Consumption  of  steam  per  horse-power  hour  in  water 

raised 15  pounds. 

It  will  be  observed  that  the  system  described  is  quite  as  efficient 
as  the  best  piston  pumps  now  employed. 


Fig.  4UU. —  Tuubo  Fax  foii  Blast  Fuhxace  at  Commentry. 


30.  Turho  Fans. — The  great  angular  velocity  of  steam  turbines 
makes  them  particularly  suitable  for  the  direct  driving  of  fans 
for  high  pressure  used  for  blowing  engines  and  even  for  air  com- 
ressors.  The  author  has  already  described  in  his  work  entitled 
^'  Fans  and  Centrifugal  Pumps  for  High-Pressures  ''  inserted  in 
the  ""  Bulletin  de  La  Societe  de  TTudustrie  ^linerale/'  of 
1902,  and  has  given  particulars  of  actual  results  obtained 
from    a    turbo    fan    with    a    revolvinc:    wheel    of    10    inches    in 
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climnotor.  With  an  angular  velocity  of  20,200  revolutions  per 
minute,  this  fan  cliseharged  22.5  cubic  feet  of  air  per  second 
under  a  pressure  of  19  feet  of  water.  The  useful  work  contained 
in  this  compressed  air  was  about  41  horse-power,  and  the  combined 
etticiency  of  the  group  30.7  per  cent.  The  pressure  of  the  steam 
on  admission  to  the  turbine  was  145  pounds  per  square  inch. 
Since  that  time  the  system  described  has  been  improved,  and  a 
certain  number  of  these  apparatus  have  been  built  for  different 
purposes.  Several  are  used  in  sugar  refineries  for  the  compression 
of  air  charo-ed  with  carbonic  acid  extracted  from  the  lime  furnaces, 
and  requiring  to  be  sent  into  the  decarbonizing  vats.  A  special 
system  of  regulation  enables  the  pressure  of  discharge  to  be  kept 
constant  whatever  may  be  the  volume  of  discharge,  and  on  the 
contrary  to  maintain  a  constant  discharge  whatever  may  be  the 
pressure.  The  set,  which  is  sliown  in  perspective  in  Tig.  400, 
is  actually  at  work  in  the  forges  of  Chatillon  et  Commentry, 
and  is  used  for  blowing  a  blast  furnace.  The  set  consists  of  two 
fans  arranged  in  parallel  and  each  driven  by  one  turbine  (the 
two  turbines  are  placed  in  series)  and  the  apparatus  will  discharge 
80  cubic  feet  of  air  per  second  under  a  pressure  of  10  inches  of 
mercury.  Tlie  energy  in  the  compressed  air  rises  as  high  as  100 
horse-])Ower.  The  moving  wheels  of  the  fans  and  of  the  turbines 
are  only  11.2  inches  in  diameter,  and  the  Table  5  gives  an  abstract 
of  the  results  of  trials  to  which  the  apparatus  was  submitted. 


TABLE   V. 
Turbo  Fan  at  Commentry.     August  6-8,  1903. 
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40.  It  will  be  seen  from  this  table  that  the  combined  efficiency 
of  the  apparatus  reaches  the  remarkable  figure  of  38  per  cent. 
Similar  apparatus  of  larger  dimensions  can  be  built,  and  these 
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might  replace  advantageously  the  large  blowing  engines  used  for 
blast  furnaces.  One  important  characteristic  of  these  sets  is  their 
remarkably  small  dimensions,  and  they  can  be  put  down  at  an 
expense  which  is  very  small  in  comparison  to  large  piston  blow- 
ing engines.  By  coupling  several  wheels  of  centrifugal  fans,  as 
we  couple  the  wheels  of  multi-cellular  pumps,  much  higher  press- 
ures of  air  can  be  obtained.  In  a  few  months  we  shall  finish  the 
construction  of  a  centrifugal  turbine  compressor  of  350  horse- 
power capable  of  delivering  compressed  air  at  a  pressure  of  90 
pounds  per  square  inch.  This  apparatus  will  be  driven  by  a  low- 
pressure  turbine  using  the  exhaust  steam  from  a  winding  engine 
used  in  a  pit.  The  turbine  has  as  a  stand-by  a  high-pressure  tur- 
bine so  as  to  ensure  economical  working  during  the  time  when  the 
winding  engine  is  out  of  use.  This  special  branch  of  the  applica- 
tion of  steam  turbines  to  air-compression  has,  in  our  opinion,  a 
great  future,  not  only  for  work  in  mines,  but  also  in  metallurgy, 
where  blowing  engines  of  all  kinds  for  blast  furnaces  and  for 
the  tuyeres  of  steel  works  may  be  replaced  by  the  centrifugal 
machines  of  a  much  simpler  and  smaller  character,  costing  far 
less  and  requiring  less  repairs  than  the  present  piston  engines. 

41.  Turbines  for  Low  Pressure  with  Steam  Accumulators." — 
One  of  the  most  interesting  and  promising  applications  of 
steam  turbines  is  the  employment  of  steam  at  low  pressure,  and 
particularly  exhaust  steam  coming  from  engines  working  inter- 
mittently. This  last  class  of  engines,  which  are,  of  course,  usu- 
ally employed  in  installations  for  the  working  of  minerals  or  for 
rolling  mills  and  pile  drivers,  has  not  until  recently  been  able  to 
benefit  by  the  same  advantages  as  is  the  case  wdth  engines  working 
continuously,  and  this  is  owing  to  the  special  difficulties  in  the 
application  of  condensing  plant,  multiple  expansion,  and  super- 
heating to  such  engines.  The  majority  of  such  engines  discharge 
the  exhaust  freely  into  the  air,  and  the  quantity  of  steam  which 
is  thus  lost  is  considerable.  The  author  has  given  special  attention 
to  the  interesting  problem  of  the  employment  of  such  waste  steam, 
and  he  has  obtained  satisfactory  results  by  means  of  his  regener- 
ative accumulator  of  st^am,  combined  with  turbines  at  low  pres- 
sure, Avhich  are  themselves  coupled  directly  to  dynamos,  centrifu- 
gal pumps,  or  fans.  The  regenerative  accumulator  is  intended  to 
regulate  the  intermittent  flow  of  steam  before  it  passes  to  the 
turbine,  and  it  consists  essentially  of  a  vessel  containing  solid  and 

*  Proceedings,  1901,  page  945. 
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liquid  materials  which  plav  the  part  of  a  fly-wheel  for  heat.  The 
steam  collects  and  is  condensed  as  it  arrives  in  large  quantities 
in  the  apparatus,  and  is  again  vaporized  during  the  time  when  the 
exhaust  of  the  principal  engine  diminishes  or  ceases.  The  nec- 
essary variations  for  condensation  and  regeneration  of  the  steam 
correspond  to  fluctuations  in  pressure  in  the  accumulator,  this 
pressure  rising  when  the  apparatus  is  being  filled  and  descending 
when  it  is  discharging  into  the  turbine.  Water  which  has  a  very 
high  calorific  capacity  has  been  used  as  a  heat  fly-wheel,  but  in 
order  to  rapidly  communicate  to  a  liquid  mass  a  considerable  quan- 
tity of  heat  corresponding  to  the  latent  heat  of  steam  to  be  con- 
densed it  becomes  necessary,  owing  to  the  poor  conductivity  of 
water,  either  to  arrange  it  in  thin  layers  or  to  cause  a  rapid  cir- 
culation in  order  to  increase  the  surface  of  contact  between  the 
steam  and  the  water  itself.  The  first  solution  of  the  problem 
gave  rise  to  the  accumulator  with  flat  cast-iron  trays  in  which  water 
is  contained  in  shallow  vessels  arranged  one  above  the  other. 
Fig.  -401.  The  second  solution  of  the  problem  gave  rise  to  the 
ac<}umulator  with  water  only  in  which  a  rapid  circulation  was 
produced  by  the  injection  of  steam  into  the  body  of  the  liquid 
itself,  Fig.  402.  The  low  pressure  turbine,  fed  by  the  regular 
flow  which  comes  from  the  accumulator,  and  working,  for 
example,  between  an  admission  pressure  of  15  pounds  per  square 
inch  and  a  vacuum  at  the  condenser  of  27  inches  of  mercury  (back 
pressure  of  1.6  pounds)  can  furnish  an  electric  horse-power  for 
about  31  pounds  of  steam  per  hour.  In  a  moderate  sized  pit,  con- 
suming 13,000  pounds  of  steam  per  hour,  it  is,  therefore,  pos- 
sible to  economize  under  these  conditions  about  350  electric  horse- 
power. In  steel  works,  where  reversible  steam  rolls  are  employed 
consmning  about  45,000  pounds  of  steam  per  hour,  it  will  be  easy 
to  develop,  by  means  of  accumulators  and  turbines,  an  extra  out- 
put of  over  1,100  electric  horse-power.  It  is  desirable  to  mention 
that  the  prime  movers  are  in  no  way  injuriously  aflFected  in  their 
working  by  the  ]")resence  of  the  accumulator  and  turbines.  This 
method  was  applied  for  the  first  time  at  Bruay,  and  the  installation 
has  worked  most  satisfactorily  since  August,  1902,  when  it  was 
first  put  into  use.  The  exhaust  steam  from  a  winding  engine 
is  first  of  all  treated  by  an  accumulator  with  cast-iron  trays, 
and  then  passes  to  a  low-pressure  turbine  of  300  horse-power, 
which  itself  drives  two  dynamos  keyed  upon  the  same  shaft;  this 
group  is  shown  in  Fig.  4U'J.     A  particular  feature  of  this  type  of 
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Fig.  401. — Regenekative  Accumulator  (Kateau). 
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installation  is  the  '^  Automatic  Expander/'  which  comes  into  use 
when  the  winding  engine  is  not  giving  sufficient  steam,  and  also 
when  this  engine  is  not  working.  This  apparatus  then  permits  the 
admission  to  the  turbine  of  live  steam  which  is  passed  from  the 
boilers  through  reducing  valves;  this  expander  can  be  adjusted 
bv  means  of  a  spring,  and  comes  into  use  as  soon  as  the  pressure 
falls  below  a  pre-determined  point, 

42.  Table  6  gives  the  results  of  tests  made  upon  this  set 
in  April,  1902,  and  January,  1903.  is'umerous  similar  tests 
have  been  made  at  different  times  since  the  apparatus  was  first 
started,  and  Fig.  404  enables  a  comparison  to  be  made  between  the 
efficiencies  which  were  calculated  from  the  results  obtained  in 
April,  1902,  January,  1903,  and  November,  1903. 

TABLE   VI. 

Experiments  with  the  Low-pressutie  Turbine  and  Dynamo  of  300  Horse- 
power  FOR   THE   BRTJAY   COLLIERIES. 
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April  5,  1902.     Experiments  made  by  jMessrs.  Satjvage  and  Picou. 
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*  The  efficiency  is  the  relation  between  the  electric  power  measured  at  the  terminals  of  the 
dynamo,  and  the  theoretical  enertry  contained  in  the  current  of  steam  utilized  for  such  conditions 
of  pressure  :  this  yield  is  therefore  stated  after  the  deduction  of  all  losses  in  the  turbine  and  in  the 
dynamo. 
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43.  It  will  be  noted  from  this  table  that  although  the  tests  of 
Xovembcr  1903  were  made  with  an  output  much  lower  than  the 
normal  output  of  the  turbine  and  for  a  part  of  the  curve  in  which 
the  efficiency  varies  rapidly,  the  mean  point  which  these  tests 
irraphically  represent  is  very  distinctly  higher  than  the  curve  of 
1002.  The  combined  efficiency  of  the  turbo-electric  group  has, 
therefore,  been  maintained  at  an  excellent  value  since  the  set  was 
iirst  put  into  use.     When,  as  at  Bruay,  the  low-pressure  turbine 


Fio.  403.— Low  Pressure  Turbine  Driving  two  Dynamos  (Bruay  Colleries.) 

is  fed  with  expanded  live  steam  during  the  time  when  the  prime 
mover  is  at  rest,  the  consumption  of  steam  is  obviously  higher 
than  that  of  an  engine  working  at  the  full  pressure  of  the  boilers. 
If  the  demand  for  live  steam  is  only  made  during  a  relatively 
.sliort  period,  the  slightly  higher  consumption  during  these  periods 
will  have  scarcely  any  influence  upon  the  total  economy.  If  this 
is  not  the  case,  and,  on  the  contrary,  such  periods  are  of  consid- 
erable length  as  compared  to  that  during  which  exhaust  steam  is 
used,  as,  for  example,  when  the  prime  mover  is  only  working  dur- 
ing the  day,  and  it  is  desired  to  have  a  regular  service  day  and 
night  from  the  secondary  set,  then  it  would  be  best  to  add  to  the 
low-pressure  turbine  a  high-pressure  turbine  Avhich,  during  the 
time  that  the  prime  mover  is  not  working,  would  receive  live 
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Steam  at  boiler  pressure.  The  steam  passing  out  of  this  high- 
pressure  turbine  would  pass  to  the  low-pressure  turbine,  which 
would  use  equally  well  either  the  steam  coming  from  the  accumu- 
lator or  the  exhaust  from  the  first  portion  of  the  turbine.  The 
admission  of  live  steam  at  high  pressure  is,  moreover,  automati- 
cally obtained  by  a  suitable  system  of  obturators  controlled  by  a 
speed  regulator  on  the  one  hand  and  by  the  pressure  in  the  accumu- 
lator on  the  other  hand.  Such  a  group  works  under  all  conditions 
with  the  maximum  possible  economy  with  an  ordinary  vacuum, 
and  working  at  full  load  it  would  consume  only  18  pounds  of  steam 
per   electric   horse-power   hour   if   supplied  with    steam   at    110 
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Fig.  404.— Compakison  of  Efficiencies  (1902  and  1903.) 


pounds  pressure,  and  it  would  consume  26  to  36  pounds  of  steam 
when  it  was  fed  by  exhaust  steam  at  atmospheric  pressure.  This 
system  of  regulation  by  means  of  steam  accumulators  and  tur- 
bines, which  is  particularly  applicable  to  mines  and  steel  works, 
enables  very  considerable  economy  to  be  ejffected.  Installations 
of  this  nature  are  now  in  course  of  erection  at  the  follo^\dng 
places : — 

350  Horse-power  at  the  Bethune  Mine  (turbine-driven  air-compressor). 
600  Horse-power  at  tlie  Mines  of  Reunion  in  Spain  (electric  generating  sets). 
2,000  Horse-power  at  the  Donetz  Steel  Works  (electric  generating  plant). 
700  Horse-power   at  the  Acieries  de  Poensgen  a  Dusseldorf  (electric  generating 
plant,  etc.) 

As  the  author  showed  in  a  note  published  in  January,  1904, 
in  the  "  Revue  Universelle  des  Mines,''  this  system  offers  great 

53 
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advantngos  when  there  already  exists  a  central  condensing  plant, 
and  the  Poensgen  installation  is  being  carried  out  in  that  manner. 
44.  Conchisio7i. — There  is  no  need  to  insist  upon  the  well- 
known  advantage  in  turbines  resulting  from  their  absolutely  steady 
rotiition,  but,  on  the  contrary,  the  enormous  speed  at  which  they 
must  work  in  order  to  suit  the  velocity  of  flow  of  the  steam  is, 
in  many  cases,  a  serious  inconvenience,  particularly  in  the  appli- 
cation of  the  turbine  to  the  propulsion  of  vessels.  It  was  a  simi- 
lar disadvantage  for  a  considerable  time  in  the  driving  of  dynamos, 
but  now  it  is  possible  to  construct  dynamos  for  very  high  speeds, 
and  these  can  be  coupled  to  steam  turbines  forming  light  and  in- 
expensive sets  which  take  up  little  room,  although  they  are  very 
powerful.  Such  sets  are  very  simple  and  are  very  easy  of  main- 
tenance. Besides  the  constant  value  of  the  turning  effort,  the 
chief  advantages  which  can  be  claimed  for  steam  turbines  may 
be  thus  summarized :  very  low  consumption  of  steam,  particularly 
at  small  loads.  From  this  point  of  view  they  are  notably  superior 
to  piston  engines  of  even  the  best-known  types.  Further  advan- 
tages are  the  small  floor  space  occupied  and  the  absence  of  expen- 
sive foundation  work;  the  cost  of  oil  is  very  low,  particularly  for 
our  turbines,  which  have  oil  reservoirs  and  ring  lubrication  to  all 
the  bearings.  The  oil  in  the  reservoirs  need  be  changed  only 
once  in  two  months,  and  it  is  not  thro\vn  out  by  the  rotating  parts, 
so  that  the  machinery  always  remains  clean.  With  steam  turbines 
momentary  or  even  permanent  overloads  are  very  easy  to  deal 
with.  It  is  even  quite  possible  to  have  overloads  of  more  than 
50  per  cent,  higher  than  the  normal  load.  The  regulation  of  speed 
in  steam  turbines  is  carried  out  in  a  more  perfect  manner  than  is 
possible  for  piston  engines,  and  this  is  due,  on  the  one  hand,  to 
the  absolute  constancy  of  the  turning  effort,  and,  on  the  other  part, 
to  the  great  kinetic  energy  accumulated  in  the  revolving  parts. 
This  last  characteristic  makes  the  machines  very  insensible  to 
variations  in  load.  The  full  load  may  be  taken  off  and  put  on  again 
without  causing  a  variation  in  speed  of  more  than  2  to  3  per  cent. 
When  coupled  to  dynamos,  fans  or  centrifugal  pumps,  steam 
turbines  render  it  possible  to  obtain  surprising  results  owing  to 
their  eay>ability  of  giving  great  y)ower  at  very  higli  speeds.  The 
author  has  constructed  turl^ine-driven  fans,  giving  a  pressure  of 
7.5  pounds  per  square  inch,  and  turbine-driven  pumps  raising 
water  to  several  'Inindreds  of  yards.  Such  sets  can  no  be*  built 
to  develop  several  thousand  horse-power,  compressing  air  to  more 
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than  90  pounds  per  square  inch,  or  raising  water  to  more  than 
2,000  feet  high.  Turbines  are  able  to  use  to  perfect  advantage 
steam  at  low  pressure,  for  they  have  an  efficiency  rising  in  value 
as  the  pressure  of  the  steam  becomes  lower.  In  combination  ^\dth 
steam  accumulators  of  the  type  designed  by  the  author  of  this 
Paper,  turbines  permit  of  the  emplo}TQent  of  exhaust  steam  in 
large  quantities  produced  by  engines  working  intermittently,  such 
as  winding  engines  and  engines  used  in  metallurgical  works.  In 
the  preceding  Paper,  the  author  believes  that  he  has  given  typical 
examples  of  the  chief  applications  in  which  steam  turbines  are 
available.  It  t\^11  be  seen  that  their  field  of  application  is  very 
wide,  and  it  is  certain  that  a  great  future  is  in  store  for  them. 


DISCUSSION. 

21  r.  Francis  Ilodgkinson. — In  Fig.  395  and  Table  I.  Professor 
Rateau  has  given  us  a  few  details  of  some  tests.  He  expresses 
the  efficiency  of  his  turbine  by  dividing  the  steam  consumption 
of  an  ideal  engine  by  the  consumption  actually  observed. 

This  efficiency  is  undoubtedly  the  basis  upon  which  engine 
performances  may  best  be  compared,  but  I  rather  take  issue  with 
Professor  Rateau  in  the  manner  he  has  expressed  this  efficiency 
at  fractional  loads,  insomuch  that  he  appears  to  charge  his  ma- 
chine with  the  heat  value  of  the  steam  at  the  internal  pressure 
in  the  cylinder,  after  it  has  been  reduced  by  the  governor  valve 
instead  of  the  pressure  in  the  steam  pipe  adjacent  to  the  throttle. 
I  may  be  in  error  in  this  assumption,  since  no  readings  of  boiler 
pressure  are  given. 

The  steam  on  being  wire-drawn  through  the  governor  valve 
from  presumably,  in  this  particular  test,  a  ])ressure  in  the  steam 
pipe  of  about  156  pounds  to  the  figure  he  has  given  of  -1:6.21 
pounds  at  one  quarter  load,  would  do  much  work  in  tlie  way 
of  superheating,  such  that  the  efficiency  figures  (pioted  would  be 
naturally  unfairly  high. 

I  would  calculate  the  efficiency  at  one  quarter  load  to  be  about 
39.2  per  cent,  instead  of  51  per  cent.,  assuming  a  pressure  of 
155  pounds  absolute  at  the  throttle. 

The  engineering  world  I  believe  will  look  forward  witii  the 
greatest  possible  interest  to  the  results  of  Professor  Kateau's 
experiments  to  find  the   value  of  the  specific  heat  of  steam  at 
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high  temperatures  and  at  other  pressures  than  atmospheric,  at 
whieh  pressure  Keiruault  made  his  ex}>erinients. 

This  country,  however,  has  not  been  idle  in  the  matter,  as 
Professor  Cai-j^enter  has  hitely  conchuled  a  lar^e  series  of  ex- 
periments witli  st^ani  of  hiuhor  pressures,  and  I  believe  Mr. 
Emmet  has  some  information  on  the  subject. 

Mr.  E.  Medcu. —  In  paragraph  2  Professor  Ratean  states  that 
it  is  practically  impossible  to  construct  a  turbine  Avheel  to  run  at 
a  peripheral  velocity  above  1,200  feet.  If  Professor  Rateau  had 
l)een  fauiiliar  with  the  De  Laval  turbine,  he  would  have  known 
that  turbine  wheels,  running  at  a  velocity  of  over  1,200  feet  per 
second,  have  been  in  successful  operation  at  least  since  1897. 

Professor  Kateau  further  in  the  same  paragraph  states  that 
efficiency  of  a  single  wheel  is  necessarily  low^,  chiefly  due  to  tlie 
necessity  of  emplo^^ng  diverging  nozzles,  giving  rise  to  great 
loss  of  energy  due  to  friction,  etc.  These  losses  of  energy  un- 
doubtedly occur,  but  the  comparatively  efficient  results  obtained 
from  this  type  of  turbine  does  not  warrant  Professor  Rateau's 
assumption. 

In  the  last  part  of  paragraph  2  Professor  Rateau  speaks  of 
the  necessity  of  employing  gears  of  special  construction  which 
are  subject  to  excessive  wear  and  accidental  breakage.  I  do  not 
understand  what  is  meant  by  "  gears  of  special  construction," 
as  the  De  Laval  type  of  gearing  is  very  old,  and  with  the  method 
employed  for  the  manufacture  of  these  gears,  the  cost  is  not 
at  all  excessive. 

As  regards  wear,  many  of  these  gears  have  been  in  operation 
for  upwards  of  nine  years  without  showing  any  appreciable  wear. 

Regarding  accidental  breakage,  we  have  yet  to  learn  of  a  piece 
of  machinery  which  is  not  subject  to  this  misfortune 

Prof.  A,  liaieau* — My  lack  of  familiarity  with  English  has  pre- 
cluded my  active  participation  in  the  discussion  in  a  public  way, 
and  I  have  for  this  reason  regretted  that  I  have  been  unable,  as 
would  have  been  appropriate,  to  express  my  tlianks  for  the  sym- 
pathetic reception  which  has  been  accorded  to  my  paper  on  tlie 
steam  turbine.  It  is  particularly  agreeable  to  an  investigator  to 
brin^  his  work  before  a  meeting  of  engineers  and  scientists  in 
America,  who  can  appreHatf  ]>etter  than  all  others  the  services 
vil,:<.V  -'-ience  is  rendering  each  day  to  industry.     To  prevent  my 

•  Autbor'a  closure,  under  the  Kules. 
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communication  from  becoming  too  technical  and  dry,  I  have 
avoided  any  theoretical  development  of  the  q^uestion.  Those  who 
would  desire  to  go  further  than  this  will  find  certain  studies  of 
mine  presented  hitherto,  in  the  ^'  Bulletin  de  la  Societe  de  I'ln- 
dustrie  Minerale  a  St.  Etienne,"  or  in  the  '^  Revue  de  ^NFecanique  '^ 
(Paris). 

I  will  reply  first  to  the  criticisms  made  by  Mr.  Meden.  This  will 
serve  to  bring  out  certain  points  only  touched  on  in  my  com- 
munication. 

^[r.  [Meden  has  stated  that  if  I  had  been  familiar  ^Wth  the  De 
Laval  fonn  of  turbine  I  would  know  that  wheels  turning  at  a 
velocity  in  excess  of  1,200  feet  per  second,  have  been  in  opera- 
tion since  1897.  My  reply  is  that  I  do  not  ignore  tliis  fact, 
particularly  since  this  result  could  only  be  attained  by  the  use  of 
that  foiTii  of  moveable  wheel  which  I  have  been  producing  in 
Paris  since  1895.  We  have  ourselves  caused  wheels  to  revolve  at 
higher  speeds  than  this,  provided  they  were  made  from  one  piece  of 
metal  and  tliat  the  vanes  were  made  very  short  and  milled  out  from 
the  solid  block  of  metal.  In  my  opinion,  although  ruptures  of  these 
wheels  have  been  little  to  be  feared,  I  hold  that  such  high  velocities 
are  not  to  be  recommended  in  practice.  I  consider  tliese  speeds 
are  dangerous  when  tlie  vanes  are  attached  to  the  rim,  and  are 
relatively  long,  as  is  the  case  in  the  De  Laval  design.  I  had  never 
seen  the  De  Laval  Turbine  when  my  communication  was  prepared. 
I  only  gave  tlie  result  of  my  personal  experience. 

Since  ^Ir.  ^Feden  pleads  for  the  turbine  of  De  Laval  I  may  be, 
therefore,  allowed  to  say  that  I  know  of  a  considerable  number 
of  breakages  of  tliis.  type  of  machine.  I  will  only  recall  the  acci- 
dent relatively  recent  at  this  writing,  where  tlie  explosion  of  such 
a  turbine  has  caused  the  death  of  several  persons  at  Seraing  in 
Belgium.  This  form  of  accident  is  apparently  caused  by  the  rup- 
ture of  one  or  of  several  vanes  after  the  steam  has  worn  them. 
There  follows  an  eccentricity  of  the  revolving  disc,  which  by 
reason  of  the  very  high  velocity  of  rotation  brings  about  the  rup- 
ture of  the  shaft.  Sometimes  the  disc  renuiins  in  the  chamber 
Avhicli  surrounds  it  and  turns  there  for  a  time  more  or  less  pnv 
longed.  But  it  also  happens  here  that  this  chamber  is  broken  and 
a  s))ecies  of  explosion  follows. 

I  know  even  a  case  where  the  disc  ke])t  on  revolving  at  some  dis- 
tance from  the  chamber,  turning  on  oiu'  of  the  ends  of  the  shaft 
like  a  Dutch  top.     It  is  without  doubt  to  mitigate  the  inteusity 
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of  these  tendencies  that  certain  builders  of  turbines  of  the  De  Laval 
t\'pe  have  determined  to  make  their  chambers  of  cast  steel  rather 
than  of  simple  cast  iron.  It  is  for  these  reasons  that  I  regard 
mv  statement  justified  that  it  is  not  possible  "  in  a  practical  way  " 
to  exceed  to  any  notable  extent  the  pei-ipheral  speed  of  1,200  feet 
per  second.  Furthermore  Mr.  ^Meden  says  himself  in  his  paper 
on  the  De  Laval  turbine  presented  at  this  same  meeting,  that  the 
ruptures  of  vanes  occur  more  frequently  in  large  turbines  than  in 
sn^fill  ones.  This  must  surely  result  from  the  higher  peripheral 
sp 

The  \\Titer  is  versed  in  the  question  of  the  resistance  of  a 
revolnng  body.  There  will  be  found  under  his  name  a  study  on 
this  subject  in  ISDO  in  the  "Bulletin  de  la  Societe  de  I'lndustrie 
Minerale  a  St.  Etienne/'  In  this  work  he  showed  that  discs  of 
uniform  thickness  should  begin  to  rupture  at  the  center,  and  Mr. 
Meden  has  pointed  out  exactly  certain  experiments  which  show 
that  this  condition  will  establish  itself.  He  has  further  shown  that 
greater  velocities  at  the  circumference  can  be  attained  by  utilizing 
the  radial  strength  of  the  material,  that  is  to  say  by  using  discs 
which  are  enlarged  at  their  center.  The  illustration  Fig.  389  in 
Mr.  Meden's  paper  of  the  De  Laval  design  subsequent  to  1897, 
shows  exactly  the  form  of  flexible  wheel  made  under  my  speci- 
iication.H  since  1895  by  the  shops  of  Sautter-IIarle  at  Paris,  except 
that  our  blades  are  milled  in  the  rim  while  the  De  Laval  design 
nhowft  blades  attached  by  a  tenon.  In  1895  the  form  and  con- 
»tnictir)n  of  the  De  Laval  wheel  were  quite  different. 

The  wear  of  the  blades  in  the  current  of  steam  which  is  in- 
<»i:  Mt  in  multiple  turbines,  is  on  the  contrary  sufficiently  rapid 

ill  iji'  iiirbine  of  a  single  wheel,  or  of  two  or  three  wheels  only. 
This  follows  from  the  greater  velocity  of  the  current  of  steam. 
This  wear  appears  to  be  due  principally  to  the  shock  of  smaH 
particles  of  water  which  the  stoam  contains  after  its  expansion  in 
the  nozzlc^s.    It  is  diminis^hed  by  utilizing  superheated  steam. 

This  liquid  friction  is  a  cause  of  important  lessening  of  the  out- 
put, be«i<lc««  being  the  occasion  which  leads  to  the  rupture  of  the 

'-^  rrf^'-r  a  certain  time,  as  stated  above. 

'  •?)  f-ntjciMcs  me  for  having  designated  the  gearing  of 

h.-  .'S  by  the  epitaph  "flpecial."    I  did  not  intend  to 

use  a  t^rm  which  could  have  given  offence  even  to  those  who  are 

These  high  speed  gearings  have  this  in  particular  that 

liit-   leeih   beside  being  helical  are   of   very   fine   pitch.      They 
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demand,  therefore,  a  very  exact  construction.  They  are  cut 
by  machines  specially  constructed  for  this  purpose,  I  should  sus- 
pect, and  not  by  general  or  ordinary  t^'pes.  Furthermore,  after 
cutting  they  are  rectified  by  grinding  them  with  emery  powder. 
This  Avould  appear  to  me  to  constitute  a  special  construction.  It  is 
not  a  matter  of  much  consequence  if  the  cost  of  this  construction 
is  not  excessive,  and  Mr.  Meden  says  it  is  not.  Some  reference 
has  also  been  made  in  a  summary  fashion  to  the  question  of  losses 
in  divergent  nozzles.  I  have  already  given  certain  explanations 
on  the  subject  in  the  number  for  September,  1903,  of  the  "  Revue 
de  Mecanique.''  In  his  communication  Mr.  ]\Ielden  describes  the 
turbo-pumps  of  De  Laval  and  presents  certain  results  of  experi- 
ment. May  I  profit  by  this  occasion  to  recall  that  I  have  been, 
I  think,  the  first  to  show  that  very  high  elevations  might  1)6 
secured  ^^-ith  centrifugal  turbo-pumps. 

^fy  first  experiments  go  back  to  the  year  1000,  and  I  published 
them  in  the  ^'  Bulletin  de  la  Societe  d'Encouragement "  of  11)02. 
Furthermore  the  graphic  curves  given  by  Mr.Meden  show  the 
economy  as  a  function  of  the  discharge  of  the  pump  are  manifestly 
inspired  by  the  more  general  curves,  which  I  have  pointed  out 
under  the  name  of  "  Characteristic  Curves  of  Centrifugal 
Pumps." 

Our  first  turbo-j')ump  was  little  else  than  an  experimental  ap- 
paratus. Its  high  speed  of  rotation  made  it  a  machine  of  little 
significance  to  industrial  uses  according  to  our  opinion,  by  reason 
of  its  delicacy.  And  we  have  proiluced  a  more  satisfactory  tyjx} 
by  using  turbines  and  multi-cellular  pumps.  The  economy  is 
thus  much  better  and  we  avoid  completely  the  use  of  gearing, 
which  is  the  delicate  part.  ^Fy  communication  refers  to  turbo- 
pumps  of  this  latter  type.  We  obtain  with  them  a  combined 
economy  of  pumj)  and  turbine  of  more  than  42  per  cent.,  if  judg- 
ment can  be  based  on  the  figures  which  I  have  given  for  a  pump  of 
350  effective  horse-power. 

The  curves  given  by  Mr.  ^Feden  in  liis  Fig.  3J>T  for  a 
pump  of  55  horse-power  exhibit  a  maximum  economy  of  21  per 
cent.  (nily.  'Hiis  is  one-half  of  the  economy  of  my  design,  although 
allowance  should  be  made  for  the  smaller  size. 

The  better  result  is  in  fact  a  consum))tion  of  41  pounds  of  steam 
per  horse-])ower  hour  in  wafer  lift('(l,  with  a  pressure  of  the  steam 
of  180  pounds  per  sipiarc  inch,  and  a  vacuum  of  25  inches.  Under 
these  conditions  the  theoretical  cousumptiuu  should  be  8.72  pounds 
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of  Steam  per  horsc-jKnvor  hour,  whence  a  total  economy  would  re- 
gult  ^.;^  =0.213. 

For  a  similar  capacity  of  r).")  horse-power  the  turbines  Avith 
multiple  wheels  should  easily  attain  a  combined  economy  of  36 
|)er  cent.,  instead  oi  21  per  cent. 

I  tind  myself  in  complete  accord  with  ^Ir.  Ilodgkinson  in  his 
statement  that  to  estimate  the  net  economy  of  the  combined 
machine  it  is  wise  to  start  from  the  pressure  of  steam  in  the  pipe, 
in  advance  of  the  throttlinc:  valve,  rather  than  from  the  pressure 
after  the  throttle.  That  second  pressure  can  only  be  used 
as  I  have  done  it  if  there  is  only  in  view  the  economy 
of  the  turbine  itself  independent  of  its  method  of  regula- 
tion. It  is  easy  to  pass  from  one  system  to  the  other  if  the  two 
pressure's  are  known  before  and  behind  the  throttle.  I  regret  that 
I  did  not  give  in  tlie  tables  the  pressure  in  front  of  the  valve.  In 
the  case  examined  by  Mr.  Ilodgkinson  this  pressure  was  very 
nearly  (Hpial  to  that  which  he  states. 
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1.  Experiments  of  Alexander  Borodin. — In  ISSl  and  1882, 
Alexander  Borodin,  engineer-in-cliief  of  the  Russian  South- 
western Railways,  made  an  elaborate  series  of  tests  upon  sev- 
eral small  locomotives,  blocked  clear  of  the  track,  and  so  arranged 
that  the  power  developed  was  absorbed  by  the  shop  machinery.f 
Three  locomotives  were  tested,  a  simple  engine  having  steam- 
jacketed  cylinders,  a  simple  unjacketed  engine,  and  a  compound 
jacketed  engine. 

In  the  process  of  testing,  each  locomotive  in  its  turn  was  de- 
tached from  its  tender,  placed  outside  and  at  right  angles  to  the 
wall  of  a  machine  shop,  in  which  position  the  locomotive,  with  its 
attached  apparatus,  was  protected  by  a  temporary  roof.  The  driv- 
ing-wheels were  raised  slightly  above  the  rail,  the  coupled  wheels 
disconnected,  and  the  main  driver  on  one  side  belted  to  a  counter- 
shaft (Fig.  405).  The  maximum  load  whicli  could  in  this  manner  be 
imposed  upon  the  locomotive  was  about  90  horse-power,  and  because 
of  this  limitation,  all  tests  were  run  under  short  cut-oifs  and  low 
steam  pressures.  The  cut-off  was  between  20  and  30  per  cent,  of 
the  stroke  and  the  steam  pressure  varied  from  about  60  pounds 
^v^th  simple  engines  to  about  100  pounds  for  compounds.  The 
diameters  of  the  pulleys  carrying  the  belting  were  so  chosen  tliat 
the  revolutions  of  the  locomotive  driver  corresponded  with  a 
speed  of  about  eighteen  miles  per  hour.  In  order  to  keep  tlie 
power  of  the  locomotive  constant  the  minimum  power  required 

*  Presented  at  the  Chicago  meeting  (May  and  June,  1904)  of  the  American 
Society  of  Mechanical  Engineers,  and  forming  part  of  Volume  XXV.  of  the 
Transactions. 

f  "  Experiments  on  Steam  Jacketing  and  Compounding  of  Locomotives  in 
Russia,"  by  Alexandrr  Borodin.  Proceedings  of  the  Institution  of  Mechanical 
Engineers,  London,  1886. 
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to  drive  tlic  shop  was  taken,  and  excess  demands  supplied  by  the 
regular  shop  engine.  As  the  exhaust  steam  Avas  condensed  and 
could  not  be  used  to  produce  draught,  the  stack  was  lengthened 
to  *^ive  tlie  desired  rate  of  combustion.  The  duration  of  each  test 
wa-  ^rmn  one  and  a  half  to  three  and  a  half  hours. 


Fi<;.  40."). 


The  locomotive  under  test  was  supplied  with  a  steam  gauge 
showing  boiler  pressure,  a  gauge  for  the  steam  jacket,  a  revolution 
count4:*r,  and  one  indicator  on  each  cylinder.  The  weight  of  feed- 
w  'led  was  determined  V>y  use  of  a  calibrated  tank,  and 

til'-  'i.'iil'fW  from  the  injector  was  caught  and  weighed.     As  a 
rliffl-  iiT^.n  t^T'  rf.f-r.rrl  r.f  u-ifrr  r^onsumptiou,  aud  to  determine 
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the  amount  of  moisture  in  the  steam,  the  exhaust  steam  was  con- 
densed, and  its  weight  and  heat  determined.  Six  assistants  were 
employed  in  taking  observations. 

A  large  number  of  tests  were  made  under  various  conditions, 
and  it  is  of  interest  to  note  that  the  results  of  this  early  work 
demonstrated  the  economy  both  of  the  steam-jacket  and  of  the 
compound  engine.  The  consumption  of  moist  steam  per  horse- 
power per  hour  was  found  to  be  as  follows : 

Simple  engine  with  steam  jacket  at  30  per  cent,  cut-off  (pounds) 29.19 

Simple  engine  vritli  steam  jacket  at  20  per  cent,  cut-off  (pounds) 26.98 

Simple  engine  without  steam  jacket  at  30  per  cent,  cut-off  (pounds) 33. 11 

Simple  engine  without  steam  jacket  at  20  per  cent,  cut-off  (pounds) 32.16 

Compound  engine  without  steam  jacket  at  28  per  cent,  cut-off   of  high 

pressure  cylinder  (pounds) 24.92 

Among  the  results  of  the  tests  were  the  conclusions  that  steam- 
jacketing  aifects : 

1.  A  decrease  in  quantity  of  steam  condensed  during  admission. 

2.  A  decrease  in  the  re-evaporation  during  expansion,  and, 

3.  An  increase  of  mean  effective  pressure. 

The  work  of  Mr.  Borodin  is  now  noteworthy  because  of  the 
care  with  which  the  tests  were  planned  and  of  the  evident  skill 
with  wdiich  they  were  executed.  It  can  hardly  be  said  that  the 
facilities  he  employed  constituted  a  locomotive  testing  plant, 
and  yet  the  considerations  which  guided  him  in  his  work  were 
identical  with  those  which  a  few  years  later  led  to  the  construction 
of  a  permanent  plant.  Mr.  Borodin  appreciated  the  necessity  for 
operating  a  locomotive  as  a  stationary  engine  for  the  purpose  of 
testing  its  performance,  and  it  is  to  this  fundamental  requirement 
that  the  modern  locomotive  testing  plant  responds.* 

II.  The  First  Plant  of  Purdue  University. — The  locomotive 
testing  plant  of  Purdue  University  was  the  outgrowth  of  natural 
conditions.  In  the  year  1800  the  University  was  in  the  ])rocess 
of  establishing  an  engineering  laboratory  to  serve  in  the  instruc- 
tion of  students  and  in  the  promotion  of  engineering  research. 
Attempts  to  test  stationary  engines  under  the  fluctuating  con- 

*  It  is  but  just  to  say  that  the  later  development  of  the  testing  plant  in 
America,  in  no  wise  depended  upon  or  grew  out  of  the  work  which  lins  been 
described.  Two  years  after  the  installation  of  the  first  Purdue  plant,  M.  Borodin 
personally  inspected  its  operation,  and  it  was  on  tbe  occasion  of  this  visit  that  the 
writer  first  learned  of  the  work  which  had  been  accomplished  ten  years  Mirli.^r  by 
this  distinguished  Russian  engineer. 
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liiiions  of  service  liiul  proven  unreliable,  and  experimental  sta- 
tionary encrines  so  mounted  as  to  permit  their  operation  under  con- 
stant conditions  liad  already  been  given  a  place  in  several  labora- 
tories. It  was  easy  for  the  Purdue  authorities  to  foresee  the 
proat  advantage  to  be  derived  from  a  study  of  locomotive  per- 
formance, under  conditions  as  favorable  to  the  work  of  testing, 
as  those  which  had  been  recognized  as  necessary  in  tests  conducted 
upon  stationary  engines.  The  field  was  a  promising  one,  because 
under  conditions  of  service  locomotives  were  tested  with  diffi- 
culty, and  results  obtained  were  even  less  satisfactory  than  those 
obtained  from  stationary  engines  under  service  conditions  If  the 
stationary  engine  was  to  be  improved  by  the  establishment  of 
cxjK'rimcntal  engines,  the  locomotive  could  be  vastly  improved 
by  the  installation  of  experimental  testing  plant.  By  arguments 
such  as  these  it  was  made  clear  that  the  process  of  building 
up  the  e<piipnient  of  an  extensive  engineering  laboratory  might 
naturally  involve  a  locomotive  testing  ])lant. 

In  May,  1891,  an  order  was  given  the  Schenectady  Locomotive 
Works  for  a  17-in.  by  24-in.  eight-wheel  engine,  and  in  September 
of  that  year  the  locomotive,  which  had  been  named  for  its  builders, 
"  Schenectady,''  arrived  at  a  switch  a  mile  distant  from  the  labora- 
tory. There  was  no  track  which  led  to  the  laboratory.  The  sur- 
face of  tlie  ground  to  be  traversed  was  slightly  rolling,  and  a 
considcral»le  jiortion  of  it  was  under  cultivation. 

In  getting  the  engine  over  this  ground,  three  sections  of  track 
were  made,  each  of  a  rail's  length,  built  in  the  form  of  skids  and 
eapped  by  .jO-pound  rails.  Tlic  foundation  of  each  consisted  of  two 
five  by  twelve  yellow  pine  pieces,  laid  flat-wise,  across  which  two 
by  twelve  pieces  were  spaced  as  ties,  the  rail  spikes  passing  through 
the  tif»H  and  into  tlie  foundation  beneatli.  The  working  force 
eniyiloyed  in  moving  the  locomotive  included  three  pairs  of  horses 
with  driverH,  which  with  two  or  three  men  to  handle  blocking  at 
the  low  places,  furnished  all  the  liclp  necessary.  One  pair  of 
hor»efi  by  means  of  block  and  tackh;  was  employed  to  give  for- 
ward movement  U)  the  engine,  a  second  U>  draw  the  skids  one  after 
:•  '  -  from  rear  to  front,  and  the  third  to  pull  the  heel  of  the 
h'l^.^w^lllfr  skid  into  line  with  the  one  previously  })laced.  The  men 
«oon  liecame  so  skilled  in  their  respective  parts  that  where  the 
p-ound  was  smrKith  the  engine  could  be  kept  in  constant  motion 
for  considerable  diHtance^,  one  skid  being  drawn  from  rear  to 
front  and  placed  in  position,  while  the  engine  was  passing  over  the 
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other  two.  The  only  difficulty  experienced  was  in  making  the 
locomotive  follow  the  skids  if  laid  on  a  cur\^e.  This  could  not  be 
accomplished.  Wherever  a  change  of  direction  was  necessary 
it  w^as  made  by  laying  cross-blocking  under  the  skids,  upon  which 
one  end  of  the  skids  bearing  the  engine  was  slipped  bodily  The 
course  involved  four  turns,  each  somewhat  less  than  a  right  angle, 
and  the  whole  distance  traversed  by  the  engine  was  in  the  neigh- 
borhood of  one  and  one-half  miles.  On  the  eisrhth  workinc:  dav 
after  the  start,  the  engine  arrived  at  the  laboratory  without  acci- 
dent and  without  having  once  touched  the  ground. 

Between  the  time  when  the  locomotive  was  ordered  and  its 
delivery,  the  details  of  the  mounting  mechanism  were  designed 
and  put  in  place,  so  that  when  the  locomotive  arrived  the  plant 
was  practically  ready  for  its  reception.  The  completed  plant, 
which  is  believed  to  be  the  first  of  its  kind,  is  described  in  detail 
in  a  paper  entitled,  "  An  Experimental  Locomotive,"  "  which  was 
read  before  the  Society  in  181)2,  from  which  Fig.  406  has  been 
reproduced.  Fig.  407  is  from  the  photograph,  showing  the  posi- 
tion of  the  locomotive  in  tlie  laboratory. 

The  Purdue  plan  for  mounting  a  locomotive  for  experimental 
purposes  involved  (1)  supporting  wheels  carried  by  shafts  run- 
ning in  fixed  bearings,  to  receive  the  locomotive  drivers  and  to 
turn  AN-ith  them;  (2)  brakes  which  should  have  sufficient  ca])acity 
to  absorb  continuously  the  maximum  power  of  the  locomotive, 
and  which  should  be  mounted  on  the  shafts  of  the  supporting 
wheels;  (3)  a  traction  dynamometer  of  such  form  as  would  serve 
to  indicate  the  horizontal  moving  force  and  at  the  same  time  allow 
but  a  slight  horizontal  motion  of  the  engine  on  the  supporting 
wheels.  Assume  an  engine,  thus  mounted,  to  be  running  in  for- 
ward motion,  the  supporting  wheels,  the  faces  of  which  consti- 
tute the  track,  revolving  freely  in  rolling  contact  with  the  drivers. 
The  locomotive  as  a  whole  being  at  rest,  the  track  under  it  (the 
tops  of  the  supporting  wheels)  is  forced  to  move  backward.  If 
now  the  supporting  wheels  be  retarded  in  their  motion,  as,  for 
example,  ]»y  the  action  of  friction  brakes,  the  engine  must  as  a 
result,  tend  to  move  off  them.  Tf  they  be  stopped,  the  drivers 
must  stop  or  slip.  Whetlier  the  resistance  to  be  overcome  in 
turning  the  sup])orting  wlieels  is  great  or  small  tlie  force  to  over- 
come it  is  transmitted  from  the  driver  to  the  supi)orting  wheel, 

*  Tranmrfwns  of  the  American  Society  of  Mechanical  Engineers,  1892. Volume 
XIII.,  page  427. 


833 


LOCOMOTIVE    TESTING    PLANTS. 


ami  will  ro-api>ear  as  a  <tross  on  \\\c  ilraw-bar,  which  alone  holds 
the  locoiiiutive  to  it^  place  upon  the  supporting  wheels.  The 
dvnamometer  constitutes  the  lixed  point  Avith  which  the  draw- 
Imr  connects  and  serves  to  measure  stresses  transmitted.     It  is 


FlO.    407.  —  FlUHT    i'UKDUI.    I'lANI. 
General  View. 

eviflent  from  these  considerations  that  th(!  Irartivc;  power  of  such 
a  locomotive  may  be  increased  or  diminishrMl  Ia-  simply  varying 
the  refHMtance  against  whicli  the  supporting  wheels  tiii'ii,  and  that 
thf  readings  of  the  traction  dynamometer  will  always  serve  as 
a  ba«ii»  for  calculating  work  done  at  the  draw-bar. 

IVrhaps  the  most  difficult  problem  in   thf  working  out  of  the 
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details,  appeared  in  the  design  of  the  friction  brakes,  for  not  only 
were  these  required  to  be  of  large  capacity,  but  the  success  of  the 
whole  plant  depended  upon  their  satisfactory  action.  They  were 
constructed  from  drawings  nuide  at  the  University  upon 
principles  developed  by  Prof.  (Jeorge  I.  Aklen,  which  had 
been  described  by  liini  in  a  paper  before  the  Society.*  As 
they  have  once  been  described  in  the  Transactions, f  further  ref- 
erence to  them  at  this  time  is  unnecessary.  The  drivers  of  the 
locomotive  were  mounted  upon  supporting  wheels  with  flat  treads, 
having  the  inside  edges  rounded  as  in  a  rail.  A  traction  dyna- 
mometer, made  up  of  a  system  of  levers  and  connected  with  the 
draw-bar,  measured  either  the  pull  or  the  push  exerted  by  the 
locomotive.  A  valve,  actuated  by  one  of  the  levers  of  the  dyna- 
mometer, varied  the  supply  of  water  to  the  brakes,  thus  auto- 
matically regulating  the  balance  of  the  dynamometer. 

During  the  school  year  of  1891  and  1892,  following  the  in- 
stallation of  the  plant,  work  upon  it  was  directed  more  to  the 
perfection  of  mechanical  features  than  to  the  acquisition  of  sci- 
entific data.  Nevertheless,  during  this  year  twenty  efficiency  tests 
were  run,  many  of  them  at  light  power,  and  almost  all  with  the 
throttle  only  partially  open,  all  of  which  were  later  made  the 
basis  of  a  paper  before  the  Society. J 

During  the  following  year,  in  the  course  of  a  study  of  the 
counterbalance  problem,  the  fact  that  a  driver,  will,  under  cer- 
tain conditions,  actually  leave  the  track,  through  the  action  of  its 
counterbalance,  was  demonstrated  by  passing  wires  under  the 
moving  wheel,  some  of  these  coming  out  with  a  portion  of  their 
length  untouched  by  the  wheel.  The  fact  that  this  work  involved 
speeds  of  from  sixty  to  sixty-five  miles  per  hour,  was  accepted  as 
evidence  of  the  practicability  of  the  testinj:^  plant.  § 

Another  series  of  experiments  upon  this  plant  was  designed  to 
show  the  effect  of  long  indicator  pipes,  such  as  were  then  gener- 
ally used  in  road  tests  of  locomotives,  the  conclusion  being  that 

*  "An  Automatic  Absorption  Dynamometer."  Trnnsactiona  of  the  American 
Society  of  Mechanical  Engineers,  Volume  XI.,  page  959. 

f  Transactions,  Volume  XTII.,  page  427. 

X  *'  Te.sts  of  the  Locomotive  at  tlie  Laboratory  of  Purdue  University. '*  Trans- 
artiuns  of  the  American  Society  of  Mechanical  Engineers,  1893,  Volume  XIV., 
page  826. 

§  *'  An  Experimental  Study  of  the  Effect  of  the  Coanterhalance  in  Locomotive 
Drive-Wheels  upon  the  Pressures  betwtfn  Wheel  and  Hail."  Tranmrtions  of 
American  Society  of  Mechanirdl  Knirinrer^.  1*^01.  Volume  XIV.,  page  SO."}. 
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the  presence  of  such  a  pipe  augmented  the  size  of  the  indicator 
card,  the  distortion  increasing  with  the  increase  of  speed."^ 

Following  this  came  a  very  complete  series  of  efficiency  tests, 
made  under  full  throttle,  and  some  of  them  at  high  speeds,  the 
indicator  showing  from  three  hundred  to  six  hundred  horse-power. 
Much  was  expected  from  the  data  obtained  from  these  tests,  but 
it  was  destined  to  serve  no  useful  purpose.  On  the  23d  of  Janu- 
ary, ISIU,  the  Engineering  Laboratory,  including  the  locomotive 
ti'^ting  plant  and  all  unpublished  data,  was  burned. 

If,  in  re\'iewing  the  results  obtained  in  the  two  years  or  more, 
during  which  the  plant  was  in  operation,  the  facts  developed 
appear  all  too  few,  it  should  be  remembered  that  at  first  much  time 
was  spent  in  getting  the  plant  into  a  condition  of  smooth  running. 
Again,  the  locomotive  was  merely  one  piece  of  apparatus  used 
in  the  instruction  of  students,  and  could  receive  attention  only 
for  its  share  of  the  time,  and,  consequently,  was  often  idle;  its 
operation  was  further  limited  by  the  cost  of  fuel  and  oil.  But, 
the  few  resulta  which  were  obtained  are  not  mthout  significance. 

III.  The  Second  Plant  of  Purdue  University. — The  fire  en- 
tailed a  heavy  burden  of  labor  and  expense,  but  wdth  it  there 
came  also  new  opportunities.  All  details  of  the  mounting  mech- 
anism were  most  carefully  reviewed,  and  every  fragment  of  ex- 
perience was  made  to  serv^e  a  useful  purpose  in  the  arrangement 
of  a  new  plant.  The  apparatus  was  housed  in  a  separate  build- 
ing, designed  especially  to  receive  it.  A  permanent  track,  8,000 
feet  in  length,  was  laid  to  connect  the  laboratory  with  the  rail- 
ways of  the  country.  The  damaged  locomotive  was  extricated 
from  the  ruin,  sent  out  over  the  track  and  thence  to  Indianapolis 
for  repairs.  Upon  its  return,  a  few  weeks  later,  it  was  put  under 
its  own  sti'am  and  backqd  in  over  the  Purdue  track  directly  to  its 
place  \\\Hm  the  supporting  wheels  of  the  new  testing  plant.  The 
ea.«e  and  rapidity  with  which  this  trip  was  made  were  in  striking 
contrast  with  the  laborious  methods  which  attended  its  first  trip 
acro60  the  same  territory.  Four  months  after  the  fire  the  new 
work  had  been  completed  and  the  reconstructed  engine  was  in  \}0- 

new  r.lnnt  fFigs.  40R,  400,  •}  10  and  411)  embodies  many  im- 
p<'»rtant  cl,  "While  the  first  plant  was  designed  as  the  mount- 

•  "The  Elf#*<"»  "'>''^  Diftfrrams,  of  liOn^-Pipe  Connnntions  for  Stoam  Engine 
Indirttofg.**     Ti  *  of  American  Society  of  Mechanical  Engineers,  1896, 

Tolame  XVII.,  j.  ir-.    I'l-. 
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ing  for  a  particular  locomotive,  the  new  one  is  arranged  for  the 
accommodation  of  any  locomotive,  of  which  the  driving-wheel  base 
does  not  exceed  eighteen  and  one-half  feet. 

By  reference  to  Fig.  409,  it  will  be  seen  that  there  is  provided  a 
wheel  foundation  of  nearly  twenty-five  feet  in  length.  This  is 
more  than  sufficient  to  include  the  driving-wheel  base  of  any  stan- 
dard eight,  ten  or  twelve-wheeled  engine.  For  engines  having 
six  ^vheels  coupled,  a  third  supporting  axle  will  be  added  to  those 
showTi,  and  for  engines  having  eight  wheels  coupled,  four  new 
axles,  having  wheels  of  smaller  diameter  than  those  shown,  w411  be 
used. 

The  wheel  foundation  carries  cast-iron  bed-plates,  to  which  are 
secured  pedestals  for  the  support  of  the  axle  boxes.  The  lower 
flanges  of  the  pedestals  are  slotted  and  the  bed-plates  have 
threaded  holes  spaced  along  their  length.  By  these  means  the 
pedestals  may  be  adjusted  to  any  position  along  the  length  of  the 
foundation.  The  boxes  in  use  at  the  present  time  are  plain  bab- 
bited shaft-bearings,  and  between  each  bearing  and  its  pedestal 
is  inserted  a  wooden  cushion,  now  believed  to  be  of  no  material 
importance. 

The  outer  edges  of  the  wheel  foundations  are  topped  by  timbers, 
to  which  the  brake  cases  are  anchored.  The  brakes  which  ab- 
sorb the  power  of  the  engine  are  those  which  were  used  in  the 
original  plant.  Concerning  these,  it  will  be  of  interest  to  note  that, 
as  used  upon  the  first  plant,  the  oil  became  very  hot  about  the 
outside  of  the  case,  while  that  in  other  parts  of  the  apparatus  re- 
mained cool.  In  the  re-establishment  of  the  plant,  closed  circulat- 
ing pipes  w^ere  added  to  the  brakes  to  convey  the  hot  oil  from  the 
outer  portions  of  the  case  back  to  the  centre,  the  radial  curves 
in  the  brake-discs  serving  to  maintain  a  pumping  action  sufficient 
to  maintain  a  continuous  flow  of  oil  from  the  outside  to  the  centre 
of  the  brake.  With  these  circulating  pipes  it  was  found  that  the 
open  circulation  provided  in  the  original  design,  and  described  in 
a  previous  paper,  was  unnecessary.  In  present  practice,  the  brakes 
are  lubricated  by  a  cheap  grade  of  cylinder  oil,  supplied  by  the 
cans  shown  in  Fig.  41'>.  There  is  always  some  leakage  of  oil  at 
the  center,  but  no  more  than  is  necessary  to  insure  tlie  hibrication 
at  that  point.     The  drip  is  caught  and  returned  to  tlie  eau. 

In  the  original  design  of  the  brakes  it  was  assumed  that  the 
work  absorbed  would  be  proportional  to  the  water  pressure  exerted 
upon  the  copper  discs,  an  assmnption  which  would  be  true  pro- 
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vided  the  lubricant  between  the  copper  plates  and  the  cast-iron 
moving  discs  were  always  in  the  same  condition.  In  practice  it 
appears  that  the  work  is  all  done  on  the  oil,  and  any  change  in  the 
amount  of  work  absorbed,  produces  a  corresponding  effect  upon 
the  temperature,  and  hence  upon  the  viscosity  of  the  oil.  Other 
things  being  equal,  therefore,  increasing  or  diminishing  the  water 
pressure  docs  not  result  in  a  proportional  increase  or  a  diminution 
of  the  amount  of  work  absorbed.  That  is,  the  amount  of  work 
absorbed  depends  quite  as  much  upon  the  temperature  of  the  oil 
in  the  brakes,  as  upon  the  pressure  exerted  by  the  copper  plate 
upon  the  moving  discs,  and,  excepting  when  the  speed  of  rotation 
is  very  small,  it  is  found  best  to  use  a  moderate  water  pressure, 
and  to  vary  the  load  by  varying  the  brake  temperature,  this  being 
easily  accomplished  b}'  controlling  the  amount  of  circulating  water. 
The  water  pressure  rarely  exceeds  from  four  to  ten  pounds.  The 
pressure  between  the  copper  plates  and  the  moving  disc  being  sel- 
dom over  ten  pounds  per  square  inch,  there  is  no  perceptible  wear 
of  the  rubbing  surfaces  so  long  as  lubrication  is  maintained.  After 
a  total  of  six  million  revolutions  the  copper  plates  and  the  cast-iron 
discs,  which  constitute  the  rubbing  surfaces  of  the  four  brakes, 
exhibited  no  trace  of  wear  except  in  a  few  places  on  the  copper 
plates  where,  owing  to  imperfections  in  the  surface,  small  areas 
have  received  a  concentration  of  pressure.  Since  the  work  ab- 
sorbed upon  the  brakes  depends  largely  upon  the  temperature  of 
the  oil  between  its  rubbing  surfaces  it  will  appear  that  the  maxi- 
mum load  will  be  greatest  when  the  heat  developed  between  the 
rubbing  surfaces  is  most  quickly  conducted  away.  The  copper 
plates  in  the  brakes  under  consideration  were  made  tV  of  an  inch 
in  thickness.  It  is  probable  that  less  cooling  water  would  bo  re- 
quired, and  the  action  of  the  brakes  would  be  improved  if  the 
thickness  of  these  plates  were  considerably  reduced.  It  is  now 
believed  that  an  amount  of  metal  sufficient  only  to  withstand  the 
shearing  forces,  to  which  the  action  of  the  brake  subjects  them, 
will  serve  best. 

The  design  of  the  traction  dynamometer  was  a  matter  of  some 
difficulty.  That  which  was  finally  adopted  consists  of  the  weigh- 
ing head  of  an  Emery  testing  machine,  the  hydraulic  support  of 
which  is  capable  nc»t  only  of  transmitting  the  stress  it  receives,  but 
also  of  withstanding  llie  rapid  vibration  which  the  draw-bar  trans- 
mits to  it.  The  apparatus  is  of  30,000  pounds  capacity,  and  at  the 
same  time  so  sensitive  that  one  standing  in  front  of  the  locomo- 
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tive  may  press  with  his  fingers  upon  its  pilot  and  cause  a  deflection 
in  the  needle  of  the  dynamometer.  A  massive  brick  pier,  re- 
inforced by  steel,  forms  the  foundation  of  the  dynamometer. 

In  view  of  the  enormous  force  which  a  locomotive  is  capable 
of  exerting  it  would  appear,  at  first  sight,  that  an  error  of  50  or 
even  100  pounds  in  the  determination  of  draw-bar  stresses  would 
be  of  slight  consequence,  and  that  great  accuracy  in  this  matter 
is  not  required.  Under  some  conditions  this  conclusion  is 
far  from  true.  The  work  done  at  the  draw-bar  is  the  product 
of  the  force  exerted  multiplied  by  the  space  passed  over;  if  the 
force  exerted  is  great  and  the  speed  small  a  little  error  in  the 
draw-bar  stress  is  not  a  matter  of  great  importance,  but  if  the  re- 
verse conditions  exist,  if  the  speed  is  high  and  the  draw-bar  stress 
low  then  it  is  absolutely  necessary  that  the  draw-bar  stress  be  de- 
termined with  great  accuracy.  Moreover,  high  speeds  necessarily 
involve  low  draw-bar  stresses.  Considerations  such  as  these  were 
deemed  of  sufficient  import^ance  to  justify  the  purchase  of  the 
most  accurate  dynamometer  whch  could  be  found. 

As  is  well  known,  the  arrangement  of  the  hydraulic  support 
of  the  Emery  testing  machine  permits  the  weighing  scale  to  be 
at  any  convenient  distance  from  the  point  where  the  stresses  are 
received.  Figs.  40S  and  409  sliow  only  the  receiving  end  of  the 
apparatus.  The  draw-bar  connects  with  this  apparatus  by  a  ball 
joint,  which  leaves  it^  outer  en<l  free  to  respond  to  the  movement 
of  the  locomotive  on  its  springs.  A  threaded  slccvt*  allows  the 
draw-bar  to  be  lengthened  or  shortened  for  a  final  adjustment  of 
the  locomotive  to  its  position  upon  the  supporting  wheels,  and  ])ro- 
vision  is  made  for  a  vertical  adjustment  of  the  entire  head  of  the 
machine  upon  its  frame. 

Figs.  410  and  411  show  the  arrangement  of  floors.  'I'lic  "  vi-i- 
toiN*  floor"  and  the  fixed  floors  adjoining  are  at  the  level  of  the 
rail,  riie  open  space  over  the  wheel  foundation  is  of  sneh  dimen- 
sions as  will  easily  accommodate  an  engine  having  a  lon^  drivinu:- 
wheel  base,  movable  or  temporary  floors  being  used  to  fill  in  about 
each  different  engine,  a-  may  be  fonn<l  convenient.  'I'lie  tem- 
porary fhx.ring  is  that  employed  for  Purdue's  first  locomotive. 

The  l(V(d  of  the  'lender  floor"  is  at  a  suflicient  height  above  the 
rail  to  serve  as  a  platform  from  which  to  fire.  From  this  a  run- 
way leads  to  the  coal  room.  At  the  hea<l  of  the  run-way,  set  flush 
with  the  floor,  is  a  platform  scah-.  which  serves  for  weighing  coal 
as  it  is  delivered  to  the  firemen. 
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The  fced-vrater  tank,  from  which  the  injectors  draw  their  sup- 
ply, is  shown  in  the  lower  riaht-hand  corner  of  Fifi'.  411.  Alj<jve 
this  supply  tank  are  two  small  calibrated  tanks,  so  arranged  that 
one  may  be  filled  while  the  other  is  discharging,  by  use  of  which 
the  quantity  of  feed  delivered  is  determined. 

The  steam  pump  shown  on  the  visitors'  floor  is  for  the  purpose 
of  supplying  water  under  pressure  to  the  friction  brakes  which 
load  the  engine. 

Fig.  412  presents  several  views  of  the  locomotive  laboratory. 
The  entrance  door,  which  opens  upon  the  visitors'  floor,  is  shown 
in  the  south  elevation.  It  is  approached  from  the  general  labora- 
tory, 75  feet  away.  The  north  and  west  elevations  .-how  the 
roof  construction,  by  which  the  upper  end  of  the  locomotive  stack 
is  made  to  stand  outside  of  the  building.  The  roof  sections  shown 
may  be  entirely  removed,  and  a  door  in  the  cross-wall,  which 
extends  between  the  removable  roof  and  the  main  roof,  provides 
ample  height  for  the  admission  of  the  locomotive  to  the  building. 
A  window  in  this  door  serves  to  give  the  firemen  a  clear  view 
of  the  top  of  the  locomotive  stack,  which  at  the  time  the  plant 
was  installed  w^as  thought  to  be  desirable  for  good  work  in  firing. 
Above  the  stack  is  a  pipe  to  convey  the  smoke  clear  of  the  build- 
ing. To  meet  changes  in  the  location  of  the  stacks  of  different 
locomotives,  this  pipe  may  be  moved  to  any  position  along  the 
length  of  the  removable  roof. 

It  appears  to  be  unnecessary  to  describe  in  detail  the  methods 
of  attaching  calorimeters,  pyrometers,  and  other  minor  apparatus, 
except  in  so  far  as  these  apjx^ar  in  Fius.  41.')  and  H."). 

The  six  vears  which  follow  the  mountinc;  of  the  locomotive 
"  Schenectady,"  upon  the  original  plant  of  the  Purdue  Labora- 
tory, were  marked  by  unusual  progress  in  locomotive  design,  and 
by  the  end  of  that  period  the  experimental  engine  had  ceased  to  be 
representative  of  the  most  approved  practice.  For  examide, 
steam  pressures  of  200  pounds  per  square  inch  and  more,  then 
became  common,  while  the  boiler  of  "  Schenectady  "  had  been 
designed  for  a  maximum  j)ressure  of  140  j^ounds.  ^foreover, 
the  progress  of  the  work  of  the  laboratory  liad  defined  many 
problems  affecting  the  performance  of  sim])l('  locomotives,  and  it 
seemed  best  to  provide  for  work  which  would  contribute  to  the 
solution  of  tliat  arising  from  the  em})lovment  of  compound  loco- 
motives. Early  in  181) 7,  therefore,  it  was  decided  that  locomo- 
tive "  Schenectady  ''  should  be  disposed  of  and  another  engine 
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wnicu  would  better  servo  the  jnirposcs  of  the  laboratory  secured 
to  take  its  jdaoo.  The  new  locomotive,  ''  Schenectady  No.  2/' 
arrivt'd  at  the  laboratory  in  October,  1897,  and  entered  at  once 
iipini  the  work  ior  which  it  was  designed.  It  is  a  1(5  by  24  eight- 
wheel  engine,  of  107,200  pounds  total  weight,  with  sixty-nine 
inch  drivers,  and  a  lx)iler  designed  for  a  working  steam  pressure 
of  250  pounds.  The  principal  work  of  the  plant  during  the  last 
seven  years  lias  been  in  connection  with  this  engine. 

With  reference  to  the  results  which  have  been  obtained  from 
the  second  Purdue  plant  during  the  ten  years  which  have  elapsed 
since  its  establishment  in  1804,  it  is  perhaps  not  too  much  to  say 
that  some  of  the  facts  concerning  locomotive  performance,  which 
to-day  are  generally  accepted,  and  hence  quite  commonplace,  were 
first  made  known,  or,  if  previously  surmised,  were  confirmed 
by  results  obtained  from  this  plant.  The  limitations  affecting 
such  simple  factors  as  indicated  horse-powder  and  rates  of  com- 
bustion, are  now  commonly  understood,  but  were  much  in  doubt 
prior  to  the  advent  of  the  Purdue  plant.  It  has  shown  that  the 
American  locomotive  will,  under  favorable  conditions,  develop  an 
indicated  horse-power  upon  the  consumption  of  from  twenty-five 
to  twenty-six  pounds  of  steam  ])er  hour;  a  fact  which  ten  years 
a^  was  accepted  with  expression  of  surprise.  It  has  served  to 
define  the  evai)orative  performance  of  the  locomotive  boiler.  It 
has  clomon.st rated,  contrary  to  a  belief  once  held,  that  steam 
from  the  lf>comotive  boih'r  i-  j)ractically  dry.  In  the  discussion 
concerning  the  advantage  of  controlling  the  output  of  power  by 
means  of  the  reverse-lever,  rather  tlian  by  the  throttle,  which 
wa«  current  ten  years  ago,  a  conspicuous  part  was  given  results 
obtained  from  the  laboratory.  It  has  shown  that  in  a  simple 
enpne.  tlie  maximum  eylinder  performance  results  from  a  cut- 
off, whieh  is  between  the  limits  of  J  and  J  stroke,  and  has  dem- 
onstrated the  whole  relation  of  steam  consumption  to  cut-off, 
under  a  consideraVde  range  of  speeds.  Airiong  the  more  special- 
ized problems  that  were  undertaken  may  be  inentioned  a  study 
of  the  value  of  the  steam  ])ipes  within  the  smoke-box  when  re- 
1..]  j,„  ^^pf.rheat/•rs ;  the  extent  to  whieh  fuel  loss  is  involved 
'''-"''^•rge  of  sparks  from  the  stack,  under  different  rntes 
^^  '  '«;  the  action  of  the  steam-jet  as  a  means  of  producing 

draught,  and  an  investigation  of  the  proportions  which  for  maxi- 
mum efrtciency  phould  be  given  the  exliaust-pipes  and  stack.  Thus 
far  three  different  locomotives  have  been  on  the  s(;cond  plant, 


LOCOMOTIVE   TESTING   PLANTS.  847 

"  Schenectady  Xo.  1,"  the  Strono*  bahinced  compound,  which  was 
thoroughly  tested,  and  "  Schenectady  No.  l\''  The  phint  is  con- 
cerned at  the  present  time  with  an  exhaustive  study,  which  is 
planned  to  disclose  the  advantage  of  high  steam  pressure,  in  the 
course  of  which  pressures  as  high  as  250  pounds  are  being  em- 
ployed.* 

IV.  Experiments  of  Mr.  Bohert  Quaijle  at  Kaulcauna. — In  1893 
the  American  Railway  Master  Mechanics'  Association  appointed 
a  committee  to  investigate  and  report  on  exhaust  nozzles  and 
steam  passages.  This  committee,  appreciating  the  difficulties  to 
be  met  in  conducting  tests  upon  the  road,  had  arranged  to  use  in 
their  work  the  testing  plant  of  Purdue  University,  but  before  the 
actual  work  was  begun,  the  fire  of  January,  1894,  interrupted 
their  plans.  Having  been  thus  temporarily  deprived  of  the  means 
for  advancing  their  work,  the  chairman  of  the  committee,  Mr. 
Robert  Quayle,  then  master  mechanic  of  the  Chicago  and  Xorth- 
western  Railway,  designed  and  erected  at  South  Kaukauna,  Wis., 
a  temporary  tc-ting  plant,  which  served  a  very  u-ct'iil  pnrpos(\+ 

A  four-wheeled  truck  from  a  passenger  car  was  leng-thened  out 

*  The  following  are  among  the  more  formal  ])ublicutions  which  have  been 
issued  since  the  re-establishment  of  the  Purdue  locomotive  testing  l)lHnt  : 

"Notes  Concerning  the  Performance  of  Purdue  Locomotive  Schenectady." 
Proceedings  of  the  Western  Railway  Club,  May,  ISOfi. 

"  Steam  Pipes  Within  Locomotive  Smoke-boxes  as  a  Means  of  Superheating." 
Railway  Review.  July  2:}.  1894. 

"The  ElTect  of  High  Rates  of  Combustion  Upon  the  Efficiency  of  Locomotive 
Boilers."     Proceedings  of  the  New  York  Railroad  Club,  September.  lH9r.. 

"  Some  Factors  Affecting  the  Power  of  Locomotives."  Proceedings  of  the 
New  England  Hailroad  Club,  December.  11)01. 

"  Tests  of  the  Boiler  of  the  Purdue  Locomotive."  Trnnmrtions  of  tli»'  AjiH«ri- 
can  Society  of  Mechanical  Engineers,  Voluin<'  XXII. 

"Recent  Progress  in  the  Design  of  Locomotive  I'>oiit  Ends  "  Proceedings  of 
Central  Railway  Club,  November,  1!K);}. 

"The  Form  of  the  Exhaust  Jet."'  Constituting  a  part  of  the  "  He|x)rt  on 
Exhaust  Pipes  and  Steam  Passages."  by  a  committee.  Proceedings  of  -American 
Hailway  .Master  Mechanics*  Association,  Volume  XXIX. 

Other  publications  which  have  been  inspired  by  the  work  of  the  lulmratory, 
and  which  i)resent  the  re  suits  obtained  theicfrom  are  as  follows  : 

"Locomotive  Sparks."     W.  F.  M.  (Jo.ss.     .lohn  Wih'y  \  Sons.     190*2. 

Report  of  committee  on  "Efficiency  of  High  Steam-Pressure  for  LtKomo- 
tives."  Proceedings  American  Railway  Master  Mechanics'  .■\ssf)ciation.  1S9H, 
V^olume  XXXI. 

f  For  description  and  jdans  see  "Proceedings  .\mericuu  Railway  Master 
Mechanics'  Association,"  for  1S9I. 
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to  make  the  spacing  of  it^  wheels  agree  \vitli  that  of  the  drivers 
of  the  locomotive  it  was  proposed  to  mount.  The  truck  was  then 
turned  lx»ttom  side  u})  and  securely  fastened  to  a  heavy  timber 
foundation,  sunk  in  a  pit,  to  bring  the  tops  of  the  wheels  level 
with  the  rails  of  a  nearby  track.     The  truck  thus  mounted  was 


Fig.  415.— Indicator  Rigging,  Second  Purdue  Plant. 

fitted  vnth  its  usual  axle  boxes  and  brasses,  but  the  flanges  of  the 
wheels  were  removed.  Each  of  the  four  supporting  wheels,  which 
were  thus  provided,  was  fitted  witli  two  brake  shoes,  which  were 
brought  into  action  by  means  of  levers  and  an  air  cylinder  of  the 
usual  fonn,  but  to  make  easier  the  maintenance  of  the  braking 
«'•♦"•  'vat<*r  instead  of  air  was  used  in  tlie  l>rakc!  cylinder.  Jets 
t>:  r  were  arran^^ed  to  play  on  the  brake  slioes  and  wheels 

for  ihf  purjiOMc  of  carrying  away  the  heat  develo])ed.  Upon  the 
thus  hastily  provided,  an  eight-wheeled  locomotive 
wa.9  mounted,  heavily  braced  at  the  rear  to  hold  it  in  position. 
When  in  running  the  vibration  became  so  severe  as  to  (endanger 
it*  fastenings,  a  second  locomotive  was  backed  down   tlic  track 
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ahead  of  it,  which,  with  the  brakes  set,  proved  an  effective  stop. 
Thus  mounted,  the  experimental  locomotive  was  operated  under 
a  considerable  range  of  speed  and  load;  its  cylinder  power  was 
indicated,  and  the  draft  and  back  pressure  determined  for  a  series 
of  changes  in  the  proportions  of  the  mechanism  of  the  front  end. 

The  plant  served  to  permit  the  operation  of  the  locomotive  at 
maximum  power  and  at  speeds  as  high  as  forty  miles  per  hour. 
A  view  of  this  plant  from  a  photooraph  i-  >hown  in  Fi.i»".  410.* 
The  period  of  its  operation  was  short,  but  the  results  obtained  from 
it,  have  served  an  important  part  in  the  development  of  correct 
theory  with  reference  to  the  action  of  the  front  end.  Its  establish- 
ment has  served  also  to  demonstrate  the  comparative  ease  with 
which  a  full-sized  locomotive  may  be  mounted  for  experimental 
work. 

V.  The  Plant  of  the  Chicago  &  Northwestern  Eailroad  Co. — 
In  1S95,  Mr.  Quayle,  havings  become  superintendent  of  motive 
power  of  the  Chicago  &  Xorthwestern  system,  a  pennanent  loco- 
motive testing  plant  was  erected  at  the  company's  shops  at  West 
Fortieth  Street,  Chicago.  Its  purpose  was  to  afford  facilities  for 
investigating  important  questions  of  design  upon  a  road  having 
approximately  a  thousand  locomotives. f 

A  side  and  end  elevation  of  the  ])lant  is  shown  by  Fig.  417.  It 
occupies  one  stall  of  a  busy  round-house,  an  adjacent  track  being 
available  for  a  car,  or  for  the  tender  of  the  locomotive,  from 
which  supplies  of  fuel  are  drawn.  A  platform  extending  from  the 
car  or  tender  to  the  foot-board  of  the  locomotive  under  test,  sup- 
plies space  for  weighing  the  coal  as  it  is  wheeled  in  a  barrow 
across  to  the  firemen.  A  pennanent  arrangement  of  calibrated 
tanks  serves  in  determining  the  quantity  of  water  delivered  to 
the  locomotive  injectors. 

The  pit,  in  Avhich  the  mounting  machinery  is  erected,  is  fifteen 
feet  wide  and  twenty-eight  feet  long.  The  bottom  is  covered 
with  gravel  eighteen  inches  deep  and  drained  to  the  centre.  In 
this  gravel,  which  serves  as  ballast,  are  laid  heavy  cross-ties,  on  the 
top  of  which  are  heavy  longitudinal  timbers,  capped  by  continuous 
bed-plates  of  cast-iron,  C  (V]ix.  41<S  ^).  These  carry  cast-iron  jour- 
nal boxes  for  the  axles  of  the  snpportiiiii-  wheels.  The  becl-plates 
have  a  rack  extending  throughout  their  length  into  which  engages 

*  "  Report  on  Exhniist  Nozzles  and  Steam  Passages  "'  Proceedinprs  American 
Railway  Master  Mechanics'  .Association,  1801.  Jiape  lOH. 

f  "Modern  Locomotives."     Publislied  by  the  Railroad  Gazette,  1897. 
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a  small  pinion,  attaoluHJ  to  tlio  journal  box.  T-slots  in  the  bed- 
plates receive  the  bolts  of  the  journal  boxes.  The  whole  arraiii^c- 
inent  is  siieh  that  by  nianipnlatino-  a  ratchet  on  the  shaft  of  tho 
pinion,  the  Ix^^xexS  may  be  easily  and  (]ni(d\ly  moved  along  the  bed- 
plates to  suit  the  hxMtion  and  spacing  of  drivers  of  any  locomo- 
tive to  be  numntcd  upon  the  plant. 

The  supporting  wlieels,  A,  are  old  fifty-six-inch  drivers,  with 
plain  steel  tires,  having  their  inner  edge  turned  with  a  radius 
corresponding  to  that  of  a  rail  head.  At  present  there  are  but 
three  sets  of  these  wheels,  and  provision  is  made  for  the  intro- 
duction of  a  fourth  set  when  needed.  The  relative  arrangement 
of  supporting  axles,  wheels  and  brakes  is  shown  in  Fig.  417. 

The  brake-wheels,  B  (Figs.  -ilS),  are  cast-iron,  chilled  upon  their 
faces,  and  thirty-three  inches  in  diameter.  About  each  brake  is 
a  steel  band,  G,  J-in.  by  r)J-ins.,  the  ends  of  which  are  attached 
to  the  arms  of  bell-crank  lever,  F.  Within  the  steel  band  is  a 
series  of  cast-iron  shoes,  D,  which,  by  a  suitable  movement  of  the 
bell-crank  lever  may  be  brought  into  contact  with  the  brake- 
wheel.  Each  shoe  has  a  lug  on  its  back,  which  projects  through 
a  holo  in  the  brake  band,  and  is  held  in  place  by  a  split  pin.  The 
longer  arm  of  the  lever,  F,  is  attached  to  the  piston-rod  of  an  air 
cylinder,  E,  under  the  influence  of  which  the  shoes  are  made  to 
bear  upon  the  brake  wheel.  The  trunk  pistons  of  the  air  cylin- 
ders are  six  inches  in  diameter  and  are  fitted  with  cup  leathers. 
The  air-cylinders  are  supplied  by  a  flexible  connection,  H,  which 
permits  the  supporting  axles  to  be  changed  along  the  bed-plate. 
This  leads  to  a  small  air-reservoir,  which  in  turn  is  connected  with 
the  air  compressor  of  the  shop.  Tho  speed  of  the  locomotive  on 
the  plant  is  automatically  controlled  by  means  of  an  ordinary 
throttling  engine-governor  in  the  air-pipe,  the  pulley  of  which  is 
belted  to  one  of  the  8U[)porting  axles.  When  the  governor  is 
once  M'tj  the  brakes  will  adjust  themselves  in  such  a  manner  as 
to  hold  the  locomotive  at  a  constant  speed.  By  the  use  of  pulleys 
of  suitable  size  on  the  governor,  any  desired  speed  of  the  locomo- 
tive may  be  maintained. 

The  brakes  are  cooled  by  being  entirely  submerged  in  water. 
To  permit  this  the. brake  wheel  and  band  are  surrounded  by  a 
«heet-iron  casing,  N  (Figs.  418).  A  i)acking  box  is  provided  to  pre- 
vent the  entrance  of  water  into  the  journal  boxes  of  the  support- 
ir-^  '  -,  and  the  slight  leakage  which  occurs  at  this  point  gives 
/.iuie.     A  stream  of  water  passes  constantly  into  the  case 
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through  K  and  out  through  the  overflow  I.  Thus  far  no  dyna- 
mometer has  been  applied  to  this  plant,  and  no  attempt  is  made 
to  measure  the  draw-bar  pull ;  but  the  engine  is  held  in  position 
by  being  coupled  to  a  strongly  constructed  frame  work  in  the 
rear.     A  fixed  pipe  having  vertical  adjustment  carries  away  the 


Fig.  418.— Brakes.    Engine  Testing  Plant.    C.  &  N.  W.  Hy. 

smoke.  To  facilitate  the  placing  of  engines  ujwn  the  plant,  the 
nicchanisiii  shown  by  Fig.  41!)  ha.s  been  provided.  On  the  in.-ide  of 
the  supporting  wheels  are  two  fifteen-ineh  I-beams,  G,  twenty-fivw 
feet  long,  having  a  portion  of  their  outer  flanges  cut  away.  TTi>on 
these  I-beams,  grooved  rails,  //,  are  secured  to  carry  the  flanges 
of  the  locomotive  wheels.  These  I-beams  are  supported  at  each 
end  by  a  system  of  link-work,  connecting  with  an  air-cylinder, 
Bj  by  means  of  which  they  may  be  raised  or  lowered  as  occasion 
may  rerpiire.  In  Fig.  4r.>  the  I-beams  are  A\c>\\\\  in  their  lowest 
position.  By  admission  of  air  to  the  cylinder,  the  bar,  C,  is  raised, 
elevating  the  I-beam,  G,  which  are  guided  outward  by  links,  ^,  into 
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position  against  the  sides  of  the  supporting  wheels.  Oak  blocks  are 
then  inserted  between  the  I-beams  and  the  axles  to  carry  the 
load  which  may  be  imposed  upon  the  I-beams.  A  locomotive, 
which  is  to  be  mounted  on  the  testing  plant,  is  carried  by  the 


Fig.  419.— Removable  Tijack,  Engine  Testing  Plant,  C.  &  X.  W.  Hy. 

flanges  of  its  wheels  until  the  drivers  are  over  the  vsupporting 
wheels.  The  blocking  is  then  removed,  the  air  cylinders  exhausted, 
and  the  weight  of  the  locomotive  is  taken  by  the  sup|)orting  wheels. 
The  first  important  work  u|hui  this  plant  was  that  which  was 
carried  on  under  the  direction  of  a  committee  of  the  blaster  Nfe- 
clianics'  Association,  having  in  charge  an  investigation  of  (».\haust 
pipes  and  steam  passages.  An  account  of  this  elaborate  *»eries  of 
tests  is  contained  in  a  final  report  of  this  committee,  published  in 
189G.*     The  plant  has  been  used  also  in  determining  the  relative 

*"  Report  of  Committee  on  Exlmtist  Pip<»8  and  Steam  PasRapes."     Prore<Hl- 
ings  of  .American  Railway  Ma.ster  Mechanics  Association,  1896.  Volume  XXIX. 
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valuer  of  different  coals;  the  efficiency  of  different  types  of  loco- 
motives at  ilifferent  speeds  and  ont-offs;  the  effect  upon  perform- 
ance of  changes  in  the  lead  and  inside  clearance  of  values,  and 
in  the  det4?ction  and  correction  of  certain  defects  in  the  design  of 
valve-gears.  While  comparatively  few  results  have  been  pub- 
lished from  this  plant,  it  has  proven  to  be  a  valuable  shop  ap- 
pliiuice. 

VI.  The  riant  of  the  Columbia  University.— In  1899,  the 
Baldwin  Locomotive  Works  presented  to  Columbia  University 
the  locomotive  "  Columbia/'  which  had  been  exhibited  by  them 
at  the  Columbian  Exposition  in  Chicago,  in  1893,  on  condition  that 
the  University  suitably  mount  it.  This  engine  is  a  Vauclain  com- 
p>onnd,  having  cylinders  18  and  22  by  26  inches,  and  Avas 
designed  for  fast  passenger  service.  The  boiler  carries  180 
pounds  of  steam  pressure.  Its  weight  on  drivers  is  83,140  pounds, 
and  its  total  weight  in  working  order  is  126,600  pounds.  The  gen- 
eral arrangement  of  the  plant  is  shown  by  Figs.  420  and  421,  tlie 
details  of  the  dynamometers  by  Fig.  422,  and  the  brake  construc- 
tion In-  Vip.  428.  In  negotiations  leading  up  to  the  gift,  the 
Fiiiversity  was  represented  by  Prof.  F.  R.  Hutton,  under  whose 
<lirection  the  machine  was  finally  installed. 

The  location  of  the  University  at  Morningside  Heights,  remote 
from  railway  connection,  made  it  necessary  to  dismantle  the  en- 
gine in  anticipation  of  its  delivery.  It  was  then  transferred  by 
boat  and  truck  and  afterwards  re-erected  in  the  laboratory. 

Referring  first  to  Figs.  420  and  421,  the  supporting  wheels.  Ay 
have  cast  centres  and  steel  tires  and  are  sixty  inches  in  diameter. 
The  iK'arings,  carrying  the  supporting  axles,  rest  upon  timbers,  Z), 
which  cn\)  a  steel  girder,  E,  extending  the  full  length  of  the  pit. 
These  girders  are  earned  by  tlie  end  walls  of  tlic  pit;  they  are 
ufit  supiK>rt^'d  at  intermediate  points. .  Motion  of  the  locomotive 
a.s  a  whole,  in  prevcntc'd  by  its  Ixiing  coupled  to  a  buffing  post,  C. 
Tho  truck  wheels  are  carried  by  short  sections  of  track,  at  the 
level  of  the  floor.  The  front  and  l»;ick  edges  of  the  pit  are  capped 
with  iron  plates,  on  which  rest  I-beams,  Fj  extending  the  length 
of  the  pit,  carrying  rails.  These  serve  as  guard  rails  and  may 
aUo  fK,Tve  as  a  means  of  running  the  locomotive  on  or  off  the 
plant.  The  power  is  absorbed  by  four  Alden  brakes,  (;ach  of 
40f>  nominal  horsci-power.  They  are  of  the  multiple  disc  type, 
the  fonn  shown  in  detail  l)y  Fig.  423.  In  this  figure, 
indicate  the  moving  discs,  and  the  letters  B  the  copper 
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plates  which  lie  on  either  side  of  the  discs  and  which  are 
attached  to  the  enveloping  case.  Cooling  water  circulates  in  the 
spaces  C,  entering  from  both  sides  of  the  case  by  the  pipe  D 
and   being   discharged   from   the    centre   by    the    pipe   E.      All 


—  I"  'II  ■ — 1 


space  between  the  copper  phitrs  iin<l   the   innving  discs  is  tilh'd 
with  oil. 

In  operation,  the  discs  A  turn  with  tin*  supporting  axles  while 
the  copper  plates  B^  with  the  case,  are  prevente<l  from  turning  by 
a  suitable  system   of  levers.      The   work  done   by  the   brakes   is 
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regulated  by  varying  the  water  pressure,  which  controls  the 
|)re^sure  of  contact  of  the  copper  plates  with  the  moving  discs. 
F  is  an  automatic  regulating  valve,  designed  to  control  the 
supply  of  water  to  the  friction  brakes,  for  the  purpose  of  keeping 
the  dynamometer  levers  always  in  balance. 

The  i)ower  absorbed  by  each  of  the  four  brakes  is  measured 
by  a  system  of  weighing  levers,  Figs.  422.  In  this  figure,  thrust 
rods,  .1  and  i?,  connect  the  brake  cases  with  the  levers  in  such  a 
way  that  when  the  engine  is  in  a  forward  motion,  the  rods  A  trans- 
mit the  force  downward  to  the  levers  C,  rods  B  transmitting  no 


Fig.  422a. 


«^tro«fl;  and  wh^n  in  backward  motion,  the  rods  B  push  down  on 

]'  .»r-  />,  the  rods- /I   in   this  case  transmitting  no  stress.      The 

vfifHii  of  this  arrangement  is  to  transmit  a  tensional  stress  to  the 

TifiU    E    connecting     with     tlic     ends     of     wcigliing    havers     b\ 

whether  the   engine  is   in    forward   or   ba(;kward  motion.      The 

h»ng  anna  of  the   levers  F  carry    the    \v(;ight-holders    G.      Ob- 

i-ly  the  arms  of  the  levers  C  and  D  are  in  the  same  ratio  to 

I  other.     'J'lie  power  abnorbed  by  the  four  brakes  plus  the 

'T  ab-5orbed  by  the  journals  of  the  supporting  axles  is  the 

jK>w».r  delivered  from  the  locomotive  drivers.     Consecpiently,  the 

gH  made  at  the  brake,  when  suitably  corrected,  may  be 

iced  to  an  equivalent  draw-bar  i>ull.     No  traction  dynamom- 
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eter,  for  the  direct  measurement  of  the  draw-pull  is  included 
in  the  equipment  of  the  plant. 

The  discharge  from  the  locomotive  stack  is  into  a  hood  con- 
nected with  a  horizontal  duct,  which  is  served  bv  a  steam-driven 
Sturtevant  blower,  delivering  into  a  flue  in  the  wall  of  the  building. 

The  locomotive  plant  is  fully  equipped  with  accessory  appar- 
atus for  obtaining  all  data  necessary  for  complete  engine  and 
boiler  tests.  In  addition  to  the  provisions  made  for  nornuil 
running,  the  locomotive  has  pipe  connection  with  the  general 
steam  supply  of  the  laboratory  and  may  be  operated  by  steam 
from  the  stationary  boilers. 

The  Columbia  plant  has  served  a  useful  purpose  in  the  routine 
of  a  busy  laboratory. 

VII.  The  Plant  of  the  Pennsylvania  Eailroad  System  at  St. 
Louis,  Mo.* — The  Pennsylvania  Kailroad  System  has  this  year 
installed  as  a  portion  of  its  exhibit  in  the  Department  of  Trans- 
portation at  the  Louisiana  Purchase  Exposition  at  St.  Louis,  a 
locomotive  testing  plant,  which  is  being  operated  during  the  seven 
months  of  the  Exposition.  At  the  close  of  the  Exposition  the 
plant  will  1)0  pernuinently  located  at  Altoona  as  a  part  of  the  Com- 
pany's physical  laboratory  equipment. 

The  general  arrangement  of  the  plant  is  shown  by  Figs.  4-4, 
425,  and  42(5,  in  which  similar  letters  designate  the  same  ])arts  on 
all  plates.  The  principles  underlying  its  design  are  the  same 
as  those  which  have  controlled  in  the  development  of  previous 
plants;  but  it  is  as  gratifying  as  it  is  logical  that  this  latest  devel- 
opment of  the  testing-plant  idea  is  of  greater  capacity  and  far 
more  perfect  in  its  details  than  any  which  have  preceded  it. 

A  continuous  concrete  foundation  carries  the  two  longitudinal 
bed-plates,  .1,  and  extends  under  ainl  forms  n  ])art  of  the  base 
sii})porting  tlie  traction  dynamometer,  'i'lie  l)e(l-plates  are  pro- 
vide<l  witli  longitndinal  T-slots,  so  that  the  [xMlestals  earryinir  the 


*  The  Pennsylvania  System  has  thus  (ar  piiMinhed  only  a  peneral  description 
of  tlieir  plant  (Hulletin  No,  2),  and  as  the  writer  is  not  authori/.o<l  t.)  antiripnto 
the  company  in  its  plans,  a  description  of  its  many  interesting  details  is  neces- 
sarily  omitted.  The  hiph  value  of  the  plant  may.  however,  Ik?  judged  from  the 
fart  that  its  desi^ni  has  been  made  to  include  everything  which  gave  promise  of 
usefulness,  either  by  increasing  the  facility  with  which  work  may  Ih»  done,  or  by 
insuring  a  higher  degree  of  accuracty  in  the  observed  data  obtained.  Tlie  general 
design  witli  its  machinery  deiuils  was  developed  by  Mr.  A  S.  Vt)gt.  Mt'chanirnl 
Kngineer  of  the  I*ennsylvania  liailroad  Company.  Many  of  its  UeviceH  uro  beau 
tiful  in  their  conception  and  outline. 
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axles  of  the  supporting-  wheels  can  be  adjusted  to  the  spacing  of 
the  locomotive  driving  wheels.  Two  sets  of  supporting  wheels  are 
supplied,  one  consisting  of  three  pairs,  72  inches  in  diameter,  for 
use  under  passenger  locomotives;  and  the  other  set  of  five  pairs, 
50  inches  in  diameter,  for  use  under  freight  locomotives.  Each 
sup|H)rting-axle  has  its  own  pedestal  and  journal  boxes. 

The  sui>|x^rting  wheels  resemble  in  form,  the  usual  locomotive 
tlriving-wliccls,  having  east-steel  centers  with  tires  held  by 
shrinkage  and  by  retaining  rings.  The  contour  of  the  tire  is 
such  as  to  provide  a  tread  similar  in  form  with  that  presented 
by  the  head  of  a  rail;  outside  of  Avhich  and  separated  from  it  by 
a  wide  groove  is  a  light  flange  designed  to  keep  the  tread  free 
from  oil  which  may  drip  from  the  locomotive  while  running. 

The  ecpiipment  includes  eight  Alden  brakes,  any  of  which 
may  be  used  upon  any  of  the  supporting  axles,  the  arrangement 
beinc^  such  that  one  or  two  brakes  may  be  attached  to  an  axle  as 
conditions  may  require.  All  brakes  are  of  the  same  diin,ensions 
and  are  of  the  two-disc  type. 

An  electric  crane  of  10  tons  capacity  serves  ^the  entire  space 
occupied  by  the  plant.  By  its  use  the  supporting  axles  with  their 
wheels  and  pedestals  may  be  easily  moved  about  as  conditions 
may  require. 

Means  for  bringing  the  locomotive  safely  to  its  position  on  the 
plant  form  an  important  part  of  the  installation.  The  supporting 
wheels  having  been  placed  in  positions  corresponding  to  the 
spacing  of  the  drivers,  I-beams  resting  on  the  supporting  shafts, 
and  extending  the  full  length  of  the  pit,  are  bolted  securely  to 
their  inside  faces.  A  grooved  rail  on  the  upper  flange  of  the 
I-br*ams  supports  and  guides  the  locomotive,  which  rolls  to  place 
on  the  flanges  of  its  wheels,  leaving  the  treads  free  to  take  their 
position  on  the  supporting  wheels.  When  the  locomotive  is  in 
place,  the  special  rails  and  I-beams  are  disconnected  from  the 
8upf>orting  wheels  and  removed,  so  as  not  to  interfere  with  the 
operation  of  the  plant.  In  cases  where  locomotives  have  flange- 
less  drivers  the  groove  of  the  rail  is  filled  by  a  suitable  section  of 
r<^'"  '  *<cl.  Power  for  moving  locomotives  on  and  ofi^  the  ])lant 
irt  -,,yy,kid  by  the  overhead  crane  acting  through  a  suitable;  rope 
tackle.  The  traction  dynamometer  (J  which  measures  the 
draw-bar  pull  and  which  has  a  capacity  of  80,000  pounds  is  a 
U'ver  machine  of  the  Emery  type.  I'lcxibh'  st(!el  fulcrnin 
plates  take  the  place  of  the  more  usual  knife  edges.     The  weight 
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of  each  lever  is  taken  by  a  vertical  plate  in  a  plane  intersecting 
that  of  the  receiving  fulcrum  plates  at  their  centre  of  rotation, 
thus  relieving  the  fulcrum  plates  of  all  transverse  load.  The  yoke 
embracing  the  dynamometer  and  to  which  the  draw-bar  is  at- 


Fio.  423. — Columbia  University  Locomotive  Laboratory.     Details 
OF  Aldkn  Absoriti(»n  Dynamomktkr. 


tached  is  also  mounted  on  flexible  platos  and  braced  by  long  and 
flexible  rods,  to  insure  frictionless  motion  in  the  horizontal  plane 
only.  The  total  motion  of  this  yoke  and  draw-bar,  duo  to  the 
leverage  of  the  machine  an<l  to  stress  of  parts  when  under  full 
load,  does  not  exceed  four  one-hundrcdths  of  an  inch,  so  that  a 
loeomotiv(»  exerting  a  draw-bar  j)ull  equal  to  the  full  capacity  of 
the  dynamometer,  will  not.  uiovo  forward  on  the  supporti?ig  wheels 
more  than  the  amount  speeified.  The  draw-bar  is  ])rovidrd  with 
a  ball  joint,  to  allow  for  any  side  motion  of  the  locomotive  on 
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its  springs.  Near  the  base  of  the  dynamometer,  the  oscillating 
motion  oi  the  ends  of  the  last  levers  is  transformed  into  a  rotary 
motion  by  means  of  steel  belts  wrapped  around  a  drum  and  kept 
in  constant  tension  by  suitable  clamping  devices.  The  belt  drum 
is  mounted  on  a  tube  guided  in  ball  bearings,  and  inside  of  it 
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Fio.  42;ja. 

18  a  rod,  the  upjxT  part  of  which  is  securely  fastened  to  tlio  tube, 
the  lower  end  being  firmly  attached  to  the  frame  of  the  machine. 
The  function  of  the  rod  is  to  form  a  frictionless  support  for  the 
dnim,  tul>e,  etc.  It  will  thus  be  seen  that  when  the  belt 
drum  in  rotated,  the  rod  inside  of  the  tube  is  in 
t/>r!'ion,  and  this  resistance  forms  part  of  the  total  re- 
i«i:«tance  of  the  machine,  and  is  a  constant  for  a  given  travel 
of  the  recording  pen.  To  the  uf)pcr  end  of  the  tube  already 
mentioned  arc  secured  two  radial  arms,  the  extremities  of  which 
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Fiii.4'34.— LnrnMOTiVK  Tkstini;  Pi.ajjt  of  tuf,  Pennstlvania  Railroad  System  at  thk  Louisiana  PrRCHASE  Exposition.     SiriK  Elev 
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Pio.  4'ir).— LodOMOTivE  Testino  Plant  of  the  Pr.NNSYLVANiA  Railroad  SvsTiisi  at  the  Louisiana  Purchase  Exposition.     End  Elktation. 
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Fig.  426.— Locomotive  Tbsti.no  Plant  of  tbb  Pessstlvakia  Railboad  System  at  the  Lodieiana  Pcrchasb  Exposition.    Plan. 
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are  segments  of  a  oii-cle  liaviiii*  tlieir  centers  at  tlie  center  of 
the  tube.  The  angular  motion  at  the  end  of  one  arm  imparts 
straight  line  motion  to  a  carriage,  guided  by  a  grooved  track  and 
carrying  the  recording  pen.  The  opposite  arm  is  coupled  by  steel 
belts  to  a  rotary  oil  dash  pot,  to  reduce  violent  oscillations  of 
the  recording  pen,  the  extent  of  which  can  be  controlled  as  de- 
sired. The  principal  resistances  in  the  dynamometer  are  flat 
springs,  which  may  be  changed  to  make  the  eight-inch  travel  of 
the  recording  pen  correspond  to  a  draw-bar  pull  of  either  80,000 
pounds,  40,000  pounds  or  16,000  pounds  as  may  be  desired.  The 
draw-bar  pull  and  a  datum  line  are  traced  npon  a  strip  of  paper 
18  inches  wide,  made  to  travel  at  a  known  rate  for  each  mile  run 
by  the  locomotive.  In  addition  to  the  pens  tracing  the  draw- 
bar pull  and  the  datum  lines,  five  other  pens  are  provided  so  as  to 
indicate  on  the  diagram  each  square  inch  of  area  as  recorded  by  an 
integrator  attachment;  time  intervals  of  one  second;  each  thousan<l 
feet  traveled  by  the  locomotive;  time  at  which  indicator  cards  are 
taken;  and  one  extra  pen  for  any  special  record  that  may  be 
desired.  This  diagram  will  form  the  permanent  record  of  the 
draw-bar  pull,  together  with  the  other  information  recorded  u|>on 
it.  The  yoke  of  the  dynomometer  can  be  adjusted  vertically 
through  a  range  of  12  inches  by  means  of  a  wheel  //  in  order  to 
accommodate  different  heights  of  draw-bars. 

The  smoke  from  the  locomotive  is  carried  out  of  the  l)uihling 
by  a  stack,  which  can  be  moved  longitudinally  of  the  plant  to 
any  position  required,  and  the  lower  portion  of  which  is  made 
telescopic,  so  that  it  can  be  raised  and  lowered  for  adjustment, 
and  to  permit  the  passage  of  the  electric  crane.  The  stack  has 
deflectors,  so  that  sparks  discharged  by  the  locomotive  can  be 
caught  and  weighed,  giving  a  record  which  will  form  a  ]»art  of 
the  data  obtained. 

To  keep  constant  the  speed  of  a  locomotive  on  the  ])lant,  there 
is  a  by-j)ass  around  the  main  valve  controlling  the  supjdy  of  water 
for  all  the  brakes,  in  which  is  an  automatic  valve,  having  the 
f<»rm  of  a  throttling  governed'  driven  from  one  of  the  8Up|M»rting 
a.xles.  If  the  speecl  of  the  locomotive  increa.'^es  l>eyon(l  the  de- 
sired number  of  revolutions  per  minute,  the  by-|>ass  valve  «>|H'n8, 
augmenting  the  water  j)ressure  on  the  brakes,  and  if.  on  the  other 
hand,  the  speed  of  the  locomotive  falls  Ixdow  that  desired,  the 
automatic  valve  closes,  and  decreases  the  pressure  on  the  brakes. 

Facilities  for  securing  observed  data  are  uuu;iuully  complete. 
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Coal  is  (Iclivcrcd  to  tlio  locomotive  in  woic'liod  boxes,  within 
reach  of  the  travellincj  crane,  bv  which  it  will  be  handled  one  box 
at  a  time.  Feed-water  is  measured  in  two  calibrated  tanks, 
mounted  on  scales  to  facilitate  checkino-.  These  are  filled  alter- 
nately, and  discharge  into  a  third  tank,  from  which  the  injectors 
take  their  supply.  All  water  delivered  to  tanks  is  metered  to 
sup}>]y  an  additional  check.  The  equipment  of  such  minor 
accessory  apparatus  as  indicators,  pressure  recording  gauges, 
pyrometers,  calorimeters,  and  tachometers,  is  complete  and  of  a 
high  character.  An  adjustable  indicator  rigging  is  of  such  form 
as  to  permit  it  to  be  applied  to  any  locomotive,  and  requiring 
only  special  designs  of  brackets  suited  to  each  individual  case.  A 
valve-<liagram  aj^paratus  may  be  used  at  speed  as  well  as  when 
rnnning  slowly  to  record  valve  elipses,  showing  the  extent  and 
time  of  the  movement  of  the  valve. 

It  is  the  purpose  of  the  Pennsylvania  System  to  test  during 
the  j>eriod  of  the  Fair  twelve  different  engines,  running  from 
sixteen  to  twenty  different  tests  upon  each.  Each  locomotive 
tested  will  be  representative  of  some  particular  general  type. 
The  .*iignificance  of  the  undertaking  may  be  judged  from  the  fact 
that  the  operation  of  the  plant  involves  a  permanent  staff  of 
twenty-seven  men,  some  of  whom  are  concerned  with  securing 
data,  others  with  working  it  up,  and  still  others  with  the  prepara- 
tion of  matter  for  publication.  A  complete  outline  of  the  work  as 
originally  planned  by  the  advisory  committee  has  been  published 
as  Bulletin  Xo.  1  *  by  the  Pennsylvania  Railway  System.  This 
outline  is  now  in  the  process  of  being  executed.  Bulletin  Xo.  2  f 
descrilx-s  the  mechanism  of  the  plant.  Other  bulletins  describing 
the  j)r(»gress  of  the  work  will  from  time  to  time  be  issued,  and  at 
the  conclusion  of  the  test  all  will  be  combined  to  make  up  a  single 
publication. 

It  is  well  to  make  of  record   the   fact,   that  in   installing  its 

plant  at  St.   Louis^  and   i?i    the   work    of   testing,   whicli   is   now 

in  progrewi,  all  involving  an  enormous  expenditure  of  money,  a 

')«•  railway  company  makes  a  generous  and  most  extraordinary 

< '/iiiribution  to  science.     In  their  appreciation  of  this  undertaking 


•  l/ocomntire  TetftiDg^  Plant  at  the  Ix>uiHi<'ina  Purchase  Exposition.  Bulletin 
No.  1:  OrfranizatioD,  Plan  and  Scope.  TIk;  Pennsylvania  Huilnjad  Company. 
The  Pour  '  a  Lines  West  of  I'ittsbur^.  F.  D.  C'asanave,  Special  Agent,  P. 
R   K  .  PI.  ,ia,  Pa. 

♦  Ralletin  No.  2:     Location  and  I^escription  of  Plant. 
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and  that  their  work  might  have  a  wider  direction  than  it  could 
otherwise  have,  the  officials  of  the  railroad  company  early  called 
this  Society  and  the  American  Railway  Master  Mechanics'  Asso- 
ciation to  its  aid,  asking  that  committees  be  appointed  to  assist 
them  in  their  work.  AVith  the  cooperation  of  these  organizations, 
an  advisory  committee  was  fonned,  which  has  since  served  as  a 
board  of  consultation  to  the  railway  company.*  The  Society 
can  not  fail  to  find  satisfaction  in  having  been  given  a  part  in 
so  important  a  work. 

In  conclusion,  the  writer  is  pleased  to  acknowledge  the  im- 
portant aid  which  has  been  rendered  in  the  preparation  of  this 
paper  by  Mr.  H.  F.  Wardwell. 

DISCUSSION. 

^fr.  Edgar  }yort]iington.j- — Having  spent  tlic  greater  part  of 
my  life  in  designing  and  building  locomotives,  although  I  am  not 
so   engaged   now,   I   feel   strongly   how   much    we    are   indebted 

*  The  organization  under  wliicli  tlio  work  is  being  advanced  as  set  f«>rt]i   in 
Bulletin  No.  1  is  given  below.     It  is  expected  that  the  advisory  coniinitte*'  will 
be  increased  from  time  to  time  to  include  certain  otficial  representatives  of  for 
eign  governments. 
T7ie  Pennsyhania  Railroad  tSyatem  : 

J.  J.  Turner,  Third  Vice-President,  Pennsvlvania  lines  west  of  Pittsburg; 
Theo.  X.  Ely,  Chief  of  Motive  Power.  Peimsylvania  Railroad  System  ;  F.  I>. 
Casanave,  Special  Agent,  Pennsylvania  Railroad  System  ;  E.  D.  Nelson,  Engineer 
of  Tests,  Pennsylvania  Railroad  Company,  Altoona,  l*a. 

Lonisi'ina  Purchase  ExpoHition  : 

Willard  A.  Smith,  Chief  of  the  Department  of  Transportation  Exhibits.  I.ouis. 
iana  Purchase  Exposition. 

Ad\'tsory  Committke. 
On   Behalf  of  the  Amcriran  Soruti/  of  Mechanical  Engineers  : 

W.   V.  M.  Goss,   Dean  of  the  Schools  of    Engineering.    Purdue    University  ; 
Edwin  M.  llerr,  (Jeneral  Manager,   Westiughouse  Air  Prake  Co.  ;   J.  E.  Sague. 
Mechanical  Engineer,  American  l..<)comotivt'  Co. 
On  Behalf  of  the  American  Railiray  Mastrr  Mtchanirs'  AMociation  : 

F.  H,  Clark,  Superintendent  of  Motive  Powt-r.  Chicago,  Hurlingtun  and 
Quincy  Railway  .  C.  H.  Quereau.  Superintendent  of  Shops,  New  York  Cent  nil 
and  Hudson  River  Railroad  ;  II.  II  Vaughn,  .\ssistant  8ui>erinteudent  of  .Motive 
Power,  Lak«'  Shore  and  Michigan  Southern  Kailwav. 

Officers. 

F.  D.  Casanave,  Special  Agent  of  the  Pennsylvania  Railroad  6y«lem  ;  U  F. 
M.  Goss,  Chairman  of  the  Advisory  Committee  \  \\  II  Vaughn,  SecreUrj-  of  the 
Advisory  Committee. 

f  Member  of  the  Institution  of  Mechanical  Engineers. 
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to  Professor  Goss  for  the  work  he  has  done  in  the  hist 
ton  years  and  shouhl  like  to  express  how  much  h)eoniotive 
enirineers  on  the  other  side  and  in  Enrope  generally  appre- 
ciate the  tests  which  he  has  made  at  Pnrdne  University, 
^fany  a  time  have  I  gone  to  the  tests  of  Professor  Goss,  more 
especially  the  beantifnl  tests  which  he  made  of  pressure  on  the 
rail.  Several  locomotive  superintendents  in  England  expressed 
to  me  their  regret  that  they  were  not  able  to  be  present,  but 
unfortunately  at  this  time  of  the  year  in  England  they  are  very 
busy,  and  I  can  assure  Professor  Goss  that  they  agree  with  me 
that  we  owe  him  a  very  great  deal,  and  you  may  judge  the  genuine- 
ness of  their  admiration  by  the  way  Mr.  Churchw^ard  is  imitating 
his  example. 

Prof.  ir.  F.  M.  Goss.'^ — Since  the  foregoing  paper  was  pre- 
sented and  discussed  I  have  made  the  acquaintance  of  Mr.  Michael 
V.  (lololobotf,  who  has  been  engaged  in  the  development  of  a  loco- 
motive testing  plant  at  the  Putiloff  Works,  in  St.  Petersburg, 
Russia.  I  am  sure  the  details  of  this  plant  would  interest  the 
members  of  the  Society,  and,  by  the  courtesy  of  Mr.  Gololoboff 
and  his  assistant,  ^fr.  S.  T.  Smirnoff,  Director  of  the  works,  the 
frdlowing  description  is  abstracted  from  a  larger  presentation. 

The  plant  is  suppose<l  to  be  the  first  of  its  kind  in  Europe.  Its 
plans  were  started  in  June,  1903,  and  the  plant  was  practically 
completed  ^lay  1,  1904.    It  occupies  a  space  in  the  erecting  shop. 

The  plant  projKM*  ])rovides  six  pairs  of  su])porting  wheels,  all 
of  which  are  provided  Avith  Alden  friction  brakes,  and  it  is  of  suffi- 
cient size  to  accommodate  the  largest  locomotives,  not  excluding 
the  Mallet  articulated  compound  of  the  T>.  c^'  O.  The  su])porting 
wheels  are  49 J  inches  in  diameter,  and  can  be  adjusted  by  means 
of  slots  in  the  bod  plates  to  accommodate  engines  witli  a  maximum 
driving  wheel  base  of  27  feet  1  1^  inches.  The;  sup])orting  pedes- 
tal can  be  moved  by  two  workmen  with  bars  working  into  racks 
foniied  in  the-  bed  plates.  This  arrangement  is  siinilar  to  thai  jiii- 
ployod  in  the  testing  plant  at  the  St.  Louis  Exposition  and  designecl 
by  the  I'ennsylvania  Railroad. 

The  water  for  the  brakes  is  su[>plied  from  a  steam  ]mmp 
through  an  aeeninulator.  Differences  in  pressure  can  be  secured 
by  varying  the  cpiantity  of  water  in  a  tank  on  top  of  the  plunger 
and  by  using  counter  weights.  The  valve  in  the  steam  pipe  of  the 
pump  is  controlled  by  the  movement  of  the  plunger. 

*  Added  since  the  meeting. 
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A  governor  bv  regulating  the  water  pressure  in  tlie  brakes  can 
be  set  to  maintain  a  standard  speed.  A  section  of  rigi<l  track  is 
provided  between  the  supporting  wheels.  It  is  made  of  built-up 
I-sections,  the  rails  having  grooves  in  whicli  the  flanges  of  the 
locomotive  run.  The  track  is  supported  at  the  middle  by  screw 
jacks  and  at  either  end  by  taperfnl  blocks;  these  blocks  can  be 
moved  inward  or  outward,  either  raising  the  track  into  position  or 
lowering  it  out  of  the  way. 

The  traction  dynamometer  is  in  two  independent  })arts,  which 
may  be  called  the  receiving  head  and  the  measuring  apparatus. 
The  former  is  essentially  the  same  as  that  emj)loyed  at  the  Purdue 
testing  ])lant.  The  latter  was  designed  by  ^fr.  (lololobofT  to  keep 
a  complete  record  of  the  tractive  force  exerted  by  the  locomotive 
during  the  test.  It  consists  essentially  of  a  small  oil  sack  similar 
to  that  employed  in  the  receiving  head,  against  which  a  piston 
acts.  The  pressure  on  the  sack  acts  through  the  piston  through 
levers  steadied  by  a  dash-pot  and  a  counter  load,  and  its  motion  is 
transmitted  to  the  indicator  of  the  gauge.  The  latter  is  so  scaled 
that  one  division  of  the  arc  equals  10  kilos.,  and  from  it  the 
tractive  force  can  be  read  at  any  time.  From  the  dial  motion  a 
pencil  recorder  gives  the  intensity  of  the  j)ull.  The  amount  of 
water  used  is  measured  in  two  graduated  tanks.  A  third  tank  is 
employed  for  the  measurement  of  oil,  when  this  is  used  as  fuel. 

The  coal  is  stored  in  a  large  hopper  outside  the  building  ami 
enters  into  a  weighing  bucket  through  a  chute.  The  smokestack 
is  made  iu  two  parts,  so  that  a  vertical  adjustment  can  1k»  secunxl. 

riie  aceiniiulatcu*  is  one  of  the  most  salient  elements  of  ditTer- 
ence  which  this  plant  offers  from  others  of  similar  sort.  It  is 
further  provided  with  all  accustomary  apparatus  for  complete 
tests,  and  if  satisfactory  results  are  obtained  these  tests  may  re- 
place those  on  the  road.  The  Russian  state  railn^ads  and  the 
Southwestern  Railroad  (Vietf)  are  considering  the  erection  of 
similar  plants,  but  as  yet  no  work  has  Ix'en  started  on  either. 
5f. 
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No.  1040.* 

A    BATIONAL    BASIS   FOR    WAGES.\ 

BT  HARRINGTON  EMERSON,  NEW  TORK,  N.  Y. 

(Member  of  the  Society.) 

1.  Both  tlie  coal  operator  and  the  wage  earner  know  better 
what  they  are  selling  than  the  average  manufacturer  knows 
what  he  is  buying,  w^hether  coal  or  labor,  and  as  a  consequence 
the  latter  usually  has  the  worst  of  the  bargain,  which  is  wholly 
his  own  fault.  I  couple  coal  and  labor  because  there  is  much 
ultimate  similarity  between  tbem  as  objects  of  contract. 

2.  The  coal  operator  aims  to  sell  tonnage.  He  owns  a  mine, 
whose  quality  he  cannot  change;  he  mines  by  the  ton;  he  pays 
freight  by  the  ton,  and  if  you  will  let  him,  he  will  sell  by  the 
ton,  persuading  the  railroad,  factory  purchasing  agent  or  other 
customer  that  coal  is  coal;  no  difference  except  in  his  price,  which 
he  is  willing  to  shade  a  little  below  that  of  competitors. 

3.  The  purchaser  who  knows  his  business  is  not  deluded  by  a 
ton  price,  particularly  not  if  he  is  running  a  torpedo  boat  or 
cruiser  on  a  premium  trial  trip.  He  buys  what  scales  do  not 
weigh,    namely    'power,    and    if    the    factory    manager    can    get 


•  Presented  at  the  Chicago  meeting,  May  and  June,  1904,  of  the  American 
Societj  of  Mechanical  I^ngineers,  and  forming  part  of  Volume  XXV  of  the 
Trnnmrlioiift. 

f  For  further  discussion  on  tliis  topic  consult  Tra/i8nc(io7is  an  follows  : 
No.  341,  vol.  X.,  p.  6f)0  :  "  (iain  Sliaring."     II.  K.  Tonne. 
No.  449,  vol.  xii.,  p.  755:  "Premium  Plan."     F.  A.  Halscy. 
So.  647.  vol.  xvi..  p.  8r,f5:   "  Piecf  H&Ut  System."     F.  W.  Taylor. 
No.  909.  vol.  xvii..  p.  1040:  "  Drawing  Hoom  and  Shop  Syst«;m."     F.  O.  Ball. 
No.  inix.  vol.  xviii.,  p.  :A\:  "  IJonus  System  for  Rewarding  Lal>or."    II.  L.  (Jantt. 
No.  9ft5,  '    '    vT-v.,  p.  250:    "  (;ift   Proposition   for  Paving  Workmen."     Frank 

h 
No.  J  •  '.    vol   xxiv.,  p.  1802:  "  Machine  Shop  Problem."     Chas,  Day. 
No.  10.  '    Txiv.,  p.  Iii22:  "  (Graphical  Daily  Balanc*;  in  Manufacture."    H.  L. 

No.  1908.  xxiv.,  p.  1837  :  '♦  Shop  Management."     Fred.  W.  Taylor. 


A   RATIONAL   BASIS   FOR   WAGES.  869 

power  by  the  metered  kilowatt  he  will  forget  all  about  coal. 
If  he  cannot  obtain  measured  electric  power  or  water  power,  he 
must  create  his  power  by  means  of  a  heat  engine,  and  here  again 
he  is  lucky  if  his  fuel  can  be  metered  to  him  in  cubic  feet  of 
natural  gas,  or  in  barrels  of  crude  oil,  both  of  these  substances 
having  a  very  accurate  number  of  heat  units,  for  the  gas,  per 
cubic  foot  at  constant  temperature  and  pressure;  for  the  oil,  per 
gallon   or  pound. 

4.  In  comparing  the  relative  value  of  coal,  oil  or  natural  gas, 
the  consumer  can  only  be  guided  by  the  cost  in  dollars  of  brake 
horse-power,  and  if  he  is  wise  he  "svill  purchase  coal,  by  the  ton, 
perhaps,  but  strictly  on  a  basis  of  dollars  per  thermal  units. 

5.  When  a  ton  quotation  is  made,  the  sensible  purchaser  adds 
to  the  delivered  price  the  cost  of  unloading,  shrinkage,  cost  of 
delivering  to  furnace  room,  cost  of  removing  ashes,  thus  obtain- 
ing the  total  cost  of  the  coal  as  used  in  the  furnace.  He  will 
then  analyze  the  coal,  make  a  calorimetric  or  experimental  test 
of  its  heating  value  and  thus  determine  the  relative  cost  of  the 
heat  units  in  the  coals  offered.  If  he  does  this  he  will  invariably 
find  that  the  best  coals  are  the  cheapest.  It  costs  on  the  average 
no  more  to  mine  poor  coal  than  to  mine  good  coal,  probably  not 
as  much;  it  costs  no  more  to  carry  to  market  good  coal,  and  the 
man  operating  a  seam  of  good  quality  is  just  as  anxious  to  in- 
crease his  tonnage,  and  thus  add  to  his  margin  of  profit,  as  the 
owner  of  a  poor  seam.  As  the  majority  of  dealers  and  pur- 
cliasers  make  but  little  allowance  for  difference  in  heating  value, 
the  owner  of  the  best  seams  has  to  shade  his  price  ahiiost  or 
(piite  to  the  level  of  the  price  of  the  poorer  coals  of  his  com- 
petitor for  tonnage. 

G.  Within  the  last  year  I  have  seen  a  large  concern  buy  at 
over  $6  a  ton,  imported  English  coal  of  11,000  British  thermal 
units — coal  with  which  steam  could  not  be  maintained,  and  later 
in  the  same  year  this  firm  made  chemical  analysis  and  calori- 
meter tests  of  coals  offered,  securing  for  $3.10  a  coal  of  ir>,.300 
Iiritish  thermal  units.  The  first  coal  was  bought  because  at 
the  time  it  seemed  cheap  per  ton;  the  second  was  bought  solely 
because  it  was  low  in  price  })er  heat  unit.  It  is  evident  that  two 
coals  do  not  always  have  the  same  relative  value  at  different 
places.  At  Nome,  in  Alaska,  I  have  seen  coals  sell  at  $75  per 
ton,  owing  to  the  cost  of  transportation,  the  expenses  of  landing, 
of  carrying  inland,  of  dealers'  profits.     If,  in  a  camp  near  Nome, 
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a  coal  of  10,000  British  thermal  units  is  worth  $75  a  ton,  then 
a  coal  of  15,000  British  thermal  units  is  worth  $112.50  a  ton. 
Deduct  from  both  the  cost  of  delivery  from  Seattle  to  mine, 
say  $71  a  ton,  and  it  becomes  evident  that  the  purchaser  should 
not  have  hesitated  to  pay  if  necessary  $41.50  for  the  better  coal 
rather  than  $4  for  the  poorer  fuel.  I  knew  but  one  man  at  Nome 
far-sighted  enough  to  realize  that  what  he  was  paying  for  was  heat 
units,  so  he  imported  and  used  crude  oil. 

7.  At  the  furnace  door  the  connection  between  dealer  and 
buyer  ceases.  After  ha\'ing  sold  British  thermal  units,  the 
dealer  is  not  further  concerned  as  to  what  use  the  buyer  makes 
of  the  coal.  One  buyer  will  put  in  the  best  boilers  he  can  secure, 
install  a  condensing,  triple  expansion  engine  and  obtain  a  horse- 
power from  one  pound  of  coal.  Another  buyer  will  with  the 
same  coal  be  content  to  obtain  a  horse-power  for  seven  or  eight 
or  even  more  pounds  of  coal. 

8.  In  the  economical  consumption  of  coal  three  considerations 
enter: 

(1)  The  market  price  per  ton; 

(2)  The  quality  of  the  coal; 

(3)  The  efficiency  of  use; 

and  all  three  must  be  considered  to  obtain  heat  units  cheaply. 

Prices  are  quoted  per  ton  to  the  purchaser,  who  should  deter- 
mine qualities  and  buy  on  a  basis  of  heat  value  and  not  of  weight, 
and  finally  he  should  use  what  he  has  bought  so  as  to  obtain 
highest  results. 

9.  What  would  we  think  of  the  dealer  who  demanded  a  higher 
price  per  ton  because  the  purchaser  had  better  boilers  and  en- 
f^nes?  Yet,  on  the  other  hand,  the  dealer  is  debarred  from  ask- 
ing a  price  based  on  his  heat  units  because  his  mine  conditions 
and  competition  force  him  to  sell  by  the  ton.  The  buyer,  not 
the  seller,  is  in  the  stronger  position. 

10.  In  contracting  for  labor  the  manager  should  consider  it 
just  as  he  does  coal  and  buy  it  in  the  same  rational  and  unusual 
manner. 

11.  The  wage  earner,  like  the  coal  operator,  is  forced  to  sell 
what  he  always  has;  namely,  time.  Ilie  employer,  who  is  not 
inter,  ud  in  fuel  tons,  is  also  not  interested  in  the  wage  earners' 
hour.  '  ■'  inutes,  but  solely  in  low  cost  of  production,  and  this 
he  caii  .'i.jj.  -secure  through  the  quality  and  efficiency  of  the 
labor  he  employs,  only  indirectly  and  remotely  from  the  hours 
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the  employe  gives  liiin.  The  wage  earner  is  not  selling  output, 
nor  is  the  employer  buying  output ,  and  any  attempt  to  base 
wages  on  output  is  as  irrational  as  to  base  the  price  of  coal  on 
boiler  and  engine  efficiency. 

12.  There  was  a  time  when  labor  was  in  a  condition  of  status. 
The  worker  was  entitled  to  a  living  more  or  less  generous,  and 
under  pressure  he  turned  out  more  or  less  work,  just  as  sheep 
pasture  their  owners'  ranges  and  peacefully  submit  to  a  shearing. 
By  political  economists  and  students  of  sociology  the  substitution 
of  contract  for  status  has  been  heralded  as  a  great  advance,  just 
as  the  substitution  of  coal  bought  by  the  ton  for  wood  gathered 
without  measure  from  the  forest  was  an  advance.  Under  con- 
tract the  wage  earner  is  supposed  to  receive  an  agreed  upon 
wage  and  to  render  a  definite  service,  just  as  the  ton  of  coal  is 
supposed  by  those  who  know  no  better  to  be  a  definite  measure 
of  heat  supply.  This  crude  basis  of  demanding  a  surrender  of 
time  and  leaving  the  particular  service  to  the  whim  of  the  em- 
ployer worked  fairly  well  with  certain  passive  services,  in  which 
time  rather  than  effort  and  intelligence  constituted  the  equiv- 
alent. Time  reward  was  probably  originally  based  on  military 
or  naval  service,  in  which  long  periods  of  idleness  alternated  with 
hours  or  days  of  frenzied  effort,  much  as  firemen  are  employed  to- 
day— a  profession  in  which  pay  cannot  be  gauged  by  performance. 
It  is  also  probable  that  many  of  the  earlier  wage  earners  were 
employed  more  for  the  sake  of  ostentatious  display  than  for  what 
they  produced,  survival  of  which  we  still  see  in  the  barbaric  splen- 
dor of  two  postillions,  a  coachman  and  two  footmen,  all  in  gay 
livery,  taking  one  poor  man  or  woman  driving.  It  is  tune  the 
industrial  world  moved  away  from  such  prototypes,  whether  mil- 
itary or  ostentatious,  and  by  advocating  an  entire  departure  from 
the  military  type  of  management  for  factories  our  honored  mem- 
ber, Mr.  Fred  W.  Taylor,  plans  a  refonn  far  reaching  and  deep. 

13.  Military  and  naval  idleness,  ostentatious  time-serving,  are 
not  wanted  in  modern  intensive  production  and  anything  of  the 
kind  should  be  more  obnoxious  to  the  self-respecting  producer, 
who  is  directly  debased  by  it,  than  to  the  employer  who  cannot 
help  but  feel  in  a  measure  exalted  by  considering  himself  a  cap- 
tain of  liundnMls  nr  (»f  thousands.  If  a  non-progrr-sivt'  fatluT 
bcipicathed  to  a  prngrosivc  son  an  estal)lishinrnt  with  1,000 
enij)loyes,  and  the  latter  was  able  l)y  the  intnMJuction  of  !x»ttor 
machinery  and  modern  methods  to  turn  out  more  and  better  work 
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with  half  tho  inoii,  even  though  ho  doubled  their  wages,  lie  might 
debase  himself  socially. 

14.  There  is  a  mental  laziness  in  talking  about  dollars  and 
davs  as  if  either  Avere  a  humanly  measurable  quantity.  The 
cost  of  living  may  go  up  or  down,  and  I  have  heard  men  say  that 
there  were  certain  five  minutes  in  their  lives  which  they  would 
not  exchange  for  other  months.  When  the  wage  earner  sells 
time  the  employer  does  not  necessarily  obtain  anything,  not  even 
as  tangible  an  asset  at  a  ton  of  very  poor  coal.  Just  as  the  coal 
operator  has  foisted  tonnage  on  his  client,  so  the  foolish  employ- 
ing class  has  forced  the  wage  earner  to  foist  time  on  his  em- 
ployer, time  of  no  value  in  itself,  and  the  employer  blind  to  the 
essentials  of  the  transaction  builds  up  an  elaborate  system  of 
time  checks  and  time  keeping  (both,  of  which  are  merely  in- 
cidentals and  not  essentials  in  good  system)  to  the  utter  neglect 
of  matters  much  more  important. 

15.  Some  thinking  employers,  realizing  that  time  in  itself  had 
no  value,  have  endeavored  by  means  of  piece  work  to  buy  out- 
put. The  analogy  of  coal  has  already  shown  that  output  does 
not  enter  properly  into  the  contract  between  employer  and  wage 
earner.  When  he  sells  his  time,  the  wage  earner  does  give  some- 
thing of  value  to  himself,  even  if  it  may  have  none  for  his  em- 
ployer, but  he  can  no  more  accurately  and  justly  sell  output  than 
the  coal  operator  can  sell  horse-power  from  a  boiler  and  engine  over 
which  he  has  no  control.  It  might  on  occasion  be  convenient  tem- 
porarily to  measure  the  merit  of  the  wage  earner  by  his  output, 
just  as  it  might  be  convc^nient  to  measure  the  value  of  a  coal  by 
the  horse-power  obtained  from  it  in  a  given  power-house,  but  the 
moment  a  new  power-house  is  put  up,  the  moment  a  wage  earner 
is  coupled  up  with  better  facilities,  the  purchaser  falls  back  on 
the  market  price  of  coal  and  on  the  market  price  of  skilled  labor. 

16.  In  buying  coal  the  wise  purchaser  was  advised  to  buy  by 
the  ton,  to  base  his  price  on  quality  and  to  use  efficiently.  lie 
fihotild  act  similarly  when  he  buys  labor. 

17.  It  i.s  perfectly  possible  to  find  an  ecjuitabh;  basis  for 
reward,  at  on(;e  just  to  the  employer  who  wants  something  more 
tangible  than  Uie  abstraction  time,  and  U>  the;  wage  earner  who 
is  already  too  precariously  de})endent  on  iii)c(;rtain  wages,  when 
what  he  really  wants  is  a  steady  living.  Tin;  wage  earner,  like 
the  lawyer,  has  four  different  things  to  sell: 

.    (1)  IIi.s   time   and    liberty. 
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(2)  His  skill,  profession  or  trade. 

(3)  His  intelligent  co-operation. 

(4)  His  power  to  do  harm. 

18.  Output  is  not  among  these  nor  is  it,  except  in  rare,  and 
general  distressing,  cases,  like  sweat  shop  work,  what  he  does  or 
can  sell. 

A  living  daily  wage  is  due  to  every  man  who  signs  away  his 
liberty  to  another,  whether  he  stands  around  idly  to  glorify  his 
employer  or  to  amuse  himself. 

19-  This  minimum  wage  is  a  matter  of  contract.  It  should 
be  due  the  man  whether  he  is  present  or  absent  as  long  as  he 
remains  on  the  pay  roll.  This  is  the  wage  payable  as  equiv- 
alent for  assignment  of  time  and  loss  of  liberty.  This  part  of 
compensation  I  shall  call  minimum  wage.  Above  this  minimum 
he  should  receive  when  at  work  at  his  trade  a  ditTcrrut  and 
larger  sum,  equivalent  to  the  current  wages  of  his  trade  but  in 
reality  made  up  of  two  distinct  parts,  namely,  the  minimum 
wage  and  an  increment  due  to  him  for  his  profession  or  trade. 
We  have  in  this  the  basis  of  the  present  daily  wage  system  rel- 
ative to  time.  Beyond  this,  however,  for  future  just  and  peace- 
able relations  between  employer  and  employee,  comes  the  most 
important  part  of  the  wage  earner's  reward,  namely,  what  is 
due  him  for  exceptional  and  unusual  co-operation  either  of  mind, 
body,  or  both.  I  believe  that  in  the  old  days  of  privateering  the 
sailor  who  first  sighted  a  vessel  subsequently  captured  was  en- 
titled to  special  prize  money,  and  in  war,  actions  of  exceptional 
personal  gallantry  are  specially  rewarded. 

20.  From  the  nature  of  the  case  this  third  increment  of  wages, 
corresponding  to  the  contingent  fee  of  the  lawyer,  must  be 
lluctuating,  payable  some  days  and  others  not,  becaus(»  earned 
some  days  and  others  not.  in  many  cases  the  earning  of  this 
professional  wage  does  not  imply  harder  or  most  exhausting 
work,  but  more  intelligent  and  cooperating  work,  it  implies 
use  of  heart  and  head  in  addition  to  use  of  hands  and  eyes.  We 
might  say  that  these  three  forms  of  wages  are  paid  respectively: 

(1)  For  use  of  body. 

(2)  For  use  of  hands  and  eyes. 

(3)  For  use  of  head  an«l  heart. 

21.  It  is  foreign  to  this  paper  to  discuss  the  fourth  form  of 
wages  due  to  the  ability  to  do  lianu.  This  wage  may  l)e  no 
better  than  the  extortion  of  the  blackmailer  or  the  ransom  of 
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the  brigand,  or  it  may  be  as  legitimate  as  the  fee  paid  a  lawyer 
to  keep  out  of  a  case. 

22.  As  the  State  fixes  the  minimum  age  and  the  maximum 
hours  at  which  children  may  be  employed,  it  might  also,  at  least 
bv  example,  fix  the  minimum  living  wage  below  which  no  one 
should  accept  employment,  and  thus  fix  a  minimum  standard. 
Supply  and  demand,  modified  by  some  extent  by  tli^  Unions,  will 
determine  the  second  wage,  and  the  third  is  a  matter  to  be  left 
wholly  to  employer  and  employee,  even  as  are  to-day  lawyers' 
and  doctors'  fees. 

23.  The  employe  has  everything  to  gain  by  a  system  of  strict 
and  accurate  records  which  will  enable  him  to  establish  his  own 
itnlue  and  worth,  and  on  the  basis  of  which,  if  he  changes  loca- 
tion, he  may  be  eagerly  sought  elsewhere.  Whoever  heard  of 
a  lawyer,  when  he  moves  to  a  fresh  location,  taking  with  him 
from  the  mayor  of  his  old  town  a  certificate  that  he  has  left  hon- 
orably? The  official  court  records  show  whether  he  has  won 
cases  or  lost  them;  whether  he  has  been  a  blackmailer  or  faithful 
to  his  clients. 

Why  should  not  the  machinist  going  to  a  new  location  say: 
**  Here  is  the  record  of  work  I  have  done.  I  know  so  well  how 
to  do  what  is  wanted;  to  combine  machine  performance  with 
best  cuts,  feeds,  speeds,  as  to  lower  materially  the  average  cost 
of  production  of  any  operation  I  undertake.  I  expect,  firstly, 
current  machinists'  wages,  and,  secondly,  I  expect  so  much  more 
for  my  special  skill." 

24.  The  theory  and  application  of  triple  wage  can  best  be 
illustrated  by  a  concrete  example,  for  which  I  shall  select  the 
case  of  a  locomotive  engineer — a  man  belonging  to  one  of  the 
strongest  and  most  conservative  unions,  receiving  high  wages 
owing  to  long  training,  special  skill  and  great  responsibility. 

25.  Such  a  man  should  be  allotted  a  fixed  daily  rate  of  mini- 
mum wages,  to  be  paid  whether  he  runs  or  not,  whether  he  is 
sick  or  well,  whether  he  is  suspended  or  in  good  standing.  The 
amount  of  this  daily  wage  is  determined  by  agreement  at  time  of 
receiving  apfK^intment. 

2C.  Secondly,  under  tlic  usual  terms  of  his  own  or  his  union's 
agreement  with  the  company,  ho  receives  when  on  his  runs  def- 
inite and  agreed  upon  compensation  due  to  him  because  he  is  an 
if-er  in  rharge  of  a  train  and  under  orders,  whether  standing 
on  ^ifle  track  or  ninning  sixty  miles  an  hour.     Tliere  is,  however, 
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a  great  difference  in  engineers  and  in  firemen,  who  should  be 
jointly  considered  with  engineers.  One  engineer  and  his  fireman 
will  send  into  the  shop  in  short  time  every  engine  they  run  on. 
Another  engineer  and  fireman  succeed  in  getting  the  utmost  out 
of  their  engine  even  under  the  most  trying  conditions  of  service. 
It  is  just  here  that  the  difference  comes  in  between  man  and 
man  for  which  at  present  there  is  scant,  or  no  recognition,  a 
difference  that  corresponds  to  difference  in  heat  unites  of  coals. 

27.  In  one  of  the  largest  of  American  railways  the  cost  per 
mile  for  wages  of  engineers,  firemen  and  wipers,  the  cost  per 
mile  for  coal  and  the  cost  per  mile  for  locomotive  repairs  is  prac- 
tically the  same,  being  respectively  $.0046,  $.0999  and  $.0867. 
This  is  an  average  for  the  whole  road,  but  for  the  heaviest  en- 
gines both  repairs  and  fuel  are  relatively  greater.  It  is  in  the 
second  and  third  items  that  there  is  abundant  opportunity  for  rail- 
road companies  and  their  engine  crews  to  combine  to  effect  a 
saving  in  which  both  are  to  share,  and  the  relative  rights  of  each 
party  are  not  to  be  guessed  at  or  conceded  as  a  gratuity  or  bonus, 
but  are  to  be  based  on  scientific  detail  study  as  reliable  as 
the  determination  of  heat  units  in  coal  or  the  efficiency  of  a 
boiler  or  engine.  What  encouragement  is  there  to  an  engineer 
to  work  and  toil  over  an  engine  that  some  other  engineer  has 
shamefully  neglected?  What  encouragement  is  there  to  him  to 
try  to  put  an  engine  into  the  best  of  condition  if  the  next  man 
that  takes  it  will  allow  everything  to  run  down  and  go  to  ruin? 

28.  An  engine  costs  twice  as  much  to-day  as  a  few  years  ago, 
and  four  times  as  much  is  expected  of  it.  The  wear  and  strain 
are  in  every  way  greater,  and  the  repairs  have  become  more 
costly.  It  is  easier  by  omission  of  unusual  care  to  causr  (bun- 
age,  more  expensive  to  make  it  good,  yet  these  new  conditions 
have  not  been  met  by  any  corresponding  change  in  the  relation 
between  employer  and  employe  .  I  leave  to  others  who  know 
more  about  this  particular  subject  of  engines  than  I  do  to  evolve 
an  equitable  basis  of  mutual  gain  to  both  partit-s.  T  can  imagine, 
how^ever,  that  it  might  be  possible  to  give  the  man  with  the  best 
record  the  pick  of  certain  engines,  the  selection  of  his  own  fire- 
man, and  in  addition  to  paying  him  by  the  day  and  by  the  reg- 
ular run  basis,  to  give  him  an  ever-increasing  ratr  in  proportion 
to  the  number  of  miles  his  engine  runs  without  getting  into  tlie 
shop.  When  at  last  the  engine  has  to  be  sent  there  he  is  laid  of!  on 
the  day  wage  basis,  possibly  with  the  privilege  of  8Ui>erintending 
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the  repairs,  until  it  goes  into  service  again.  I  can  tliink  of  other 
methods  of  accomplishing  the  same  desirable  end;  namely,  secur- 
ing the  earnest,  constant  cooperation  of  those  in  charge  of  the 
engine,  in  keeping  it  in  good  repair. 

29.  Companies  know  the  average  run  of  their  engines,  the 
average  cost  or  repairs  per  mile  run,  the  average  earnings  of  the 
engineers  and  firemen.  All  the  data  are  at  hand  to  put  into 
eflFect  the  three  rates  of  wages. 

30.  It  will  at  once  be  objected  that  engines  must  be  pooled  in 
order  to  make  more  miles  than  they  will  if  assigned  to  one  crew. 
This  objection  may  be  urged  against  this  particular  example, 
but  not  against  the  principle  urged,  yet  even  for  the  example  no 
one  who  has  not  studied  the  subject  thoroughly  and  exhaustively 
has  authority  to  speak  with  finality.  I  know  of  no  data  avail- 
able. It  is  a  curious  fact  in  railroad  and  other  machine  shops  that 
clerks  and  facilities  are  lavished  for  money  accounting  but  ele- 
mentary help  begrudged  for  shop  records;  also  that  betterments 
and  improvements  that  would  yield  100  per  cent,  profit  on  their 
cost  are  not  made  simply  because  the  records  'pro  and  con  do  not 
exist.  It  would  be  possible  to  work  out  this  engine  crew  prob- 
lem so  as  to  obtain  maximum  of  engine  service,  maximum  care 
of  engines,  maximum  wages  to  crews,  minimum  of  repair  costs 
and  lessened  expense  to  companies.  On  large  ocean  steamers 
engine  crews  alternate,  not  promiscuously  but  definitely,  and 
on  a  railroad  there  need  be  no  hard  and  fast  rule  one  way  or  the 
other,  but  a  scientific  adjustment  of  equipment  to  conditions,  so 
that  some  engines  would  have  only  one  crew,  otlier  two  engines 
have  three  crews,  with  chief  engineer,  and  first  and  second 
assistants,  and  some  few  emergency  engines  have  no  regular 
crews.  These  matters  require  trouble  and  study,  but  so  does  the 
running  of  trains  on  time.  The  latter  part  of  railroad  operation 
has  reached  a  high  state  of  perfection,  but  the  adjustment  of 
engineers,  engines  and  company  interests  to  one  another  is  as  yet 
very  elementary. 

31.  A  system  that  is  applicable  to  engineer  and  fircjiiian  is  also 
generally  applicable  to  other  craftsmen.  It  is  a  i>rinciple  I 
advocate,  not  an  isolated  case,  each  one  of  which  will  vary  in 
method. 

32.  There  are  only  two  ways  of  obtaining  the  lowest  cost  of 
pr  '  i'ln:  first,  a  relentless  and  ceasel(;ss  study  and  direction 
01  M.  Luiia  by  the  officials  who  f)lan  and  control,  and,  secondly,  an 
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intelligent  and  eager  cooperation  of  the  employee,  which  cannot 
be  equitably  asked  for  w^ithout  generous  special  compensation. 
It  is  simply  a  question  of  what  is  most  profitable. 

33.  In  industrial  matters,  whether  production  or  wages,  there 
is  no  possibility  of  permanent  stagnation.  Whether  we  export 
or  import,  whether  we  depend  on  home  markets  or  on  colonies, 
prosperity  is  ultimately  based  on  the  world's  crops,  and  these 
depend  on  the  variable  rains  from  heaven.  There  are  fat  years 
and  lean  years,  and  it  is  only  such  a  one  as  Joseph  who  is  able 
to  use  the  fat  years  to  corner  the  grain  market  and  the  lean  years 
to  enslave  the  Egyptians  forever.  When  work  is  abundant,  em- 
ployment increases,  wages  rise;  when  work  is  slack,  employment 
decreases  and  wages  fall,  a  double  loss  to  the  wage  earner — dearth 
of  employment  being  far  more  serious  than  lower  wages,  and  in 
this  respect  the  census  and  other  reports  dealing  with  rise  and 
fall  of  wages  have  been  most  misleading.  The  question  is  only 
very  slightly  whether  the  average  wages  per  year  of  those  actu- 
ally employed  are  higher  or  lower,  but  whether  more  or  less  are 
employed  in  their  own  trades  at  reasonable  wages. 

34.  It  is  a  reflection  of  the  intelligence  of  the  State  that  when 
so  much  is  done  to  correct  nature,  to  dredge  harbors,  build  sea 
walls,  impound  waters,  regulate  rivers,  fight  against  diseases; 
when  so  much  more  is  meddled  with  that  might  be  better  left 
alone,  absolutely  no  use  is  made  of  the  great  power  of  the  State 
to  act  as  a  fly  wheel  for  the  energy  of  production.  Here  at 
least  is  something  in  which  the  interests  of  employers  and  em- 
ployees are  one.  When  labor  is  scarce  and  nuitt  rials  high,  gov- 
ernments, national.  State  and  municipal,  sliould  carefully  ab- 
stain from  undertaking  great  works  of  creation  or  improvement, 
but  when  labor  is  plentiful  and  materials  low  in  price  govern- 
ments should  carry  out  plans  held  in  reserve  for  just  such  con- 
ditions. There  is  no  other  means  at  once  so  powerful  and 
economical  to  minimize  the  ups  and  downs  of  both  labor  and 
capital.  It  is  in  the  power  of  government  to  establish  a  mini- 
mum wage  (as  well  as  a  minimum  price  for  great  staples)  at 
which  it  is  always  ready  to  uudertake  great  elementary  works  of 
l>ublic  utility — dredging  canals,  for  instance,  or  opening  roads. 
In  some  such  manner  as  this  would  I  have  the  State  take  a  han<l 
in  helping  to  fix  the  mininnim  wage. 

35.  On  the  other  baud  every  wage  earner  should  keep  con- 
stantly in  view  the  possibility  of  obtaining  a  much  higher  rate 
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than  the  average;  a  rate  wholly  due  to  his  own  reputation  and 
accomplishment;  a  rate  far  above  the  minimum  offered  by  gov- 
ernment, also  much  above  the  mean  due  him  as  an  able-bodied, 
skilled,  trustworthy  craftsman.  This  extra  rate  must  always  be 
based  on  the  fact  that  he  is  more  skilful  or  valuable  than  the 
average.  He  may  be  more  skilful  to-day,  just  as  a  prize  fighter 
may  be  the  champion  of  the  world  to-day,  but  next  year  both 
may  be  no  more  than  mediocre.  He  must  constantly  excel  if 
he  would  constantly  command  a  professional  price. 

36.  It  is,  however,  not  necessary  to  wait  for  the  slow  action 
of  an  unintelligent  and  unmindful  government.  Every  em- 
ployer can  test  the  cost  of  production  as  he  can  the  cost  of  horse- 
power, and  he  should  make  it  his  business  to  know  what  he  can 
afford  to  pay  for  quality;  and  the  employer  who  systematically 
seeks  quality  will  find  that  the  best  coal  and  the  most  efficient 
labor  sell  for  less  than  their  relative  worth. 

37.  Believing  as  I  do  that  the  man,  machine  and  method 
efficiency  of  the  average  railroad  or  machine  shop  is  far  below 
what  it  might  be,  often  not  more  than  one-third  to  one-half  of 
the  ideal,  I  cannot  but  regard  disputes  over  wages  as  the  effect 
rather  than  the  cause  of  unsatisfactory  and  unscientific  relations 
between  employer  and  employee.  If  the  employers  had  been 
wiser  there  might  perhaps  never  have  been  any  union  antag- 
onism, only  reasonable  bargaining  as  there  is  to-day  between 
lawyer  or  doctor  and  client.  It  is  the  employe's  privilege  to  try 
to  obtain  higher  wages  and  shorter  hours,  but  not  as  an  induce- 
ment to  offer  //'.s.s  work,  nor  yet,  perhaps,  more  work,  ])ut  hettey- 
work,  a  more  efficient  combination  of  man,  method  and  machine. 


DISCUSSION. 

Mr.  EmprHon  liainhrldf/c* — I  think  I  ;iiii  riuhf  in  saying  that  as 
in  all  enginef'ring  work,  the  (juestion  of  wages  enters  into  cost  to 
the  extent  of  forty  to  eighty  y)er  cent.,  it  is  very  ])n)per  at  a  meet- 
ing' of  this  kind  to  (lis<!U>w  a  paj)er  whic^h  bears  uj)on  this  important 
9iil>j«  <-t.  Hut  the  paper  itwdf  strikes  one  as  containing  many  very 
oxtraordinary  suggestirms.  The  paper  might  be  (h'seribed  jis  an 
irrational  argument  tending  very  nnich  to  confuse  the  (|n('stion  of 
the  difference  lietween  the  position  of  the  (•a])italist  and  his  work- 
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ingmcn.  Indeed,  tliroii^ihout  the  whole  })aper  1  believe  I  am  ri<rht 
in  saying  that  it  assumes  that  the  employer  is  an  uneommereial, 
inexperienced,  foolish  person,  and  that  the  workingman  is  a  down- 
trodden, ill-iis(Ml,  ill-])ai(l  servant.  .\s  a  large  emj)loyer  of  lalK>r 
I  must  say  that  I  find  myself  entirely  unable  to  agree  with  hardly 
any  sentiment  ex])ressed  in  the  ])aper.  It  seems  as  though  the 
writer  had  suddenly  awakened  to  a  condition  of  things  which  those 
of  us  who  emph\v  workuu'u  largely  have  been  alive  to  for  a  long 
time.  For  instance,  lie  s])eaks  of  a  purcha.ser  not  realizing  the 
value  of  the  coal  or  coke  he  purchases.  Take  the  coke  su))plied  to 
a  blast  furnace.  Surely  the  first  thing  a  buyer  does  is  to  make 
quite  certain  that  he  agrees  with  the  producer  what  the  ])er- 
centage  of  sulphur,  what  the  ])ercentage  oi  water,  what  the  ])er- 
centage  of  ash,  and  what  the  percentage  of  ])hosphorus  should  be, 
and  he  takes  good  care,  having  ascertained  this,  to  base  the  price 
he  pays  accordingly.  Now,  this  paper  assumes  that  this  common 
sense  does  not  exist. 

If  this  paper  had  been  prepared  with  the  object  of  suggesting 
some  means  of  getting  the  be.st  out  of  labor,  I  tliink  it  might  have 
had  a  practical  value. 

Paragra])h  oO  refers  to  the  slow  action  of  an  unint<dligent  and 
unmindful  government. 

Does  this  refei'  to  the  American  (Jovernmeut  or  to  the  Knglish 
Government^  At  first  I  thought  it  apj)li('d  to  our  (Jovcrn- 
ment,  because  we  have  a  (lovcrument  that  thought  nothing  of 
spending  a  million  and  a  (puirtci*  a  week  tor  two  ycai-^  and  a  half 
in  a  war,  but  shrinks  from  spending  a  million  u|)oii  education. 
I  suggest  that  both  lici-c  and  in  our  own  country  nolnMly  is  better 
appreciated  than  the  man  who  does  his  best  for  his  emph»ver 
an<l  puts  his  best  endeavor  into  his  work.  I  am  renundecl  of  a 
mill  owner  in  Lancashire  whose  mill  suddenly  stopj)e(l  and  a 
thousan<l  men  were  left  i<lle.  lie  tried  to  start  his  engine,  but 
could  not,  and  he  did  not  know  what  to  do.  So  he  sent  for  an 
expeiM.  Tile  expert  came;  lie  Iooke<l  at  the  engine,  and  then 
calle<l  for  a  liaiiiiiier,  i^ave  one  stroke  in  the  right  place,  and  im- 
iiiediatelv  the  big  wlieid  revoh'ed  and  tin-  mill  again  commenced 
work.  Having  got  his  men  at  work  again,  the  mill  owner  t(dti  the 
expert  to  send  in  his  bill.  The  bill  was  sent  in  and  it  amounted  to 
live  pounds  and  two  shillings.  The  mill  owner  tiionght  it  too 
large,  and  he  wrote  for  a  bill  of  particnlai*s,  and  lie  gut  it  as 
follows: 
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"  To  inonding  your  onaiiio,  2?. 
"  For  knowing  how  to  do  it,  £5/' 

Finally,  I  suggest  that  tlie  man  who  knows  how  to  do  it,  both 
in  this  country  and  in  ours,  has  his  service  well  appreciated  and 
well  rewarded. 

Mr.E.  J.  Chambers  * — It  is  only  a  word  or  tw^o  that  I  have  to 
say  about  this  paper.     I  must  say  I  was  very  much  astonished  to 
find  that  it  came  from  a  member  of  the   American  Society  of 
Mechanical  Engineers,  because  had  it  come  from  the  old  country, 
where  we  are  supposed  to  be  a  bit  slow,  one  ^vouldn't  have  been 
surprised.      It   reminds  me  of  the  feudal  times.     However,   our 
friend  has  certainly  aiven  ns  something  to  think  about.     When  I 
found  the  way  in  which  lie  divided  u])  tlie  work  of  the  laboring 
man,  and  the  reasons  that  he  gave,  I  was  verv  much  staggered. 
First  of  all,  he  speaks  of  the  assignment  of  time  and  the  loss  of 
liberty.     Well,  gentlemen,  I  had  no  idea   that  Ave  were  coming 
back  to  the  times  of  serfdom.     Among  our  1,100  or  1,200  men  I 
do  not  think  there  is  one  of  them  Avho  has  assigned  his  liberty. 
What  I  think  he  really  has  done,  and  I  believe  most  practical  men 
will  bear  me  out,  is  that  he  has  joined  me  in  a  partnership,  and 
therefore  there  is  no  (piestion  of  liberty  having  been  given  up. 
When   I   notice   how  the   workingmen   look  after  themselves   (I 
think     very     much     better     than     their     employers     do),     I     be- 
lieve   the    question    of    assigning    their    liberty    to    us    is    quite 
a     misnomer.       With     regard     to     what     the     author     says     in 
respect    to    the    way    of    calculating    payment,    there    is    noth- 
ing new  about  this  arrangement.      I  remember  wdien  1   was  an 
apprentice,  some  forty-five  years  ago,  one  of  our  stock  tales  was 
that  one  of  the  men  came  and  asked  for  a  job  and  the  Master  said 
that  he  would  give  him  sixteen   shillings  a  week,  and  the  man 
»ai(l,   "  Why,   it   takes  fifteen  shillings   to   keep   me   honest,   and 
purely  I  ought  to  have  more  than  a  shilling  for  my  work."     Evi- 
dently that  man  forty-five  years  ago  realized  that  there  was  a  cer- 
tain amount  required  to  keep  body  and  soul  together  and  to  keep 
him  honcHt,  and  the  rest  he  wanted   for  his  work,     'riien  wc;  get 
another  jjoint  in  the  jiaper,  and  that  is  that  the  vvorkingman  is 
not  only  to  U*  paid  when  he  renders  his  services,  but  he  is  to  be 
paid  that  Hinonnt  whether  he  is  ill  or  well  abh>  to  do  his  work. 
What  a  delightful  arrangement,  to  tran.sfer  all  the  responsihilities 
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of  kcepiiiii"  our  work  people  in  good  iioalth  on  to  the  shoulders 
of  the  already  somewhat  overburdened  employers! 

I  do  not  think  that  is  the  way  the  business  men  are  going  to 
look  at  this  question,  and  I  do  not  t^iink  that  this  paper  ^^'ill  meet 
with  the  slightest  acceptance  even  from  workingmen. 

Mr.  J .  IlfirfJcif  Wicksteecl." — I  wish  to  congratulate  the  author 
of  this  pa])er  ui)on  having  made  what  seems  to  me  to  be  a 
most  excellent  analogy  between  the  use  r>f  eonl  and  the  use  of 
labor.  He  says  in  the  pa])er  something  to  the  cti'cct  that  a  user 
of  coal  does  uot  pay,  or  ought  not  in  justice  to  ])ay,  according  to 
the  results  tliat  he  gets  out  of  that  coal,  because  the  result  that 
he  gets  d('])('uds  in  very  large  degree  upon  the  ethciency  of  his 
boiler  and  engine,  and  that  similarly  an  em])loyer  ought  not 
to  gauge  the  value  of  the  workman  by  tlie  output  of  the  fac- 
tory, and  '^  any  attempt  to  base  wages  on  outj)ut  is  as  irra- 
tional as  to  base  the  price  of  coal  on  boiler  and  engine  efficiency.'' 
I  think  that  is  a  very  shrewd  ol)^ervation  and  a  wry  far-reaching 
point,  that  you  may  have  a  place  so  well  managed  that  the  general 
result  is  good,  although  the  labor  and  the  contribution  made  by 
each  workingman  is  nothing  more  than  usual,  and  it  seems  to  me 
to  touch  the  weak  ])oint  of  the  scheme  of  ])rotit-sharing  by  the 
workingnien,  because  it  occurs  to  me  that  in  any  business  with 
whi(di  1  am  accpiainted  the  profits  dejx'ud  so  very  larg(dy  upon  the 
skill  with  whi(di  the  manufacturer  makes  his  contracts,  Iniys  his 
material,  and  keeps  up  a  steady  flow  of  work  through  the  shop, 
to  say  nothing  of  the  difference  between  organized  management 
that  brings  the  work  steadily  and  conveniently  to  the  working- 
man's  hands  to  turn  out — all  of  which  things  are  entirely  beyond 
the  imnu'diate  ])ower  <d'  the  workingman.  1  think  that  profit- 
sharing  is  a  very  rough  way  of  tempting  men  into  a  shop  by  the 
])ros])ect  of  sharing  in  ])ros])erous  times,  and  with  the  ])ros])ect  of 
beinir  hi"hlv  discontented  if  thev  d«»  not  obtain  a  premium 
whether  they  earn  it  or  not.  Kvidently  the  right  way  is  to  value 
the  services  of  the  workingman  as  you  nuiy  value  the  services  of 
the  coal,  by  analysis,  and  the  only  trouble  is,  I  think,  that  it  id 
mu(di  more  difficult  to  analyze  thi^  extra  «|ualitications  of  the 
workingman  than  it  i-  to  analyze  the  extra  value  of  the  coal. 

Mr.  If.  II .  Snjfhr. — I  think  this  (piestion  <»f  the  efficiency  of 
workingnien   .h-jx-nds  ))artly   upon   wages,   but    verv   l-n-L'ely   upou 
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something:  whicli  is  not  to  bo  paid  for  in  iiionev,  as  Mr.  Emerson 
has  mentioned.  An  analogy  to  that  1  think  has  been  found  in  some 
investigations  recently  made  by  Dr.  J.  M.  Kice,  in  connection 
with  the  work  of  the  Society  for  Educational  Kesearcli,  upon  the 
operation  of  the  public  schools.  These  researches  include  Avhat 
may  l>e  called  additional  or  outside  examinations  of  pupils — not 
to  tind  out  how  much  the  pupils  know,  but  to  ascertain  how 
well  the  pupils'  teachers  are  doing  their  work — and  some  very 
curious  results  have  been  obtained.  In  some  of  the  schools  the 
pupils  showed  very  high  results,  where  apparently  the  teachers 
were  not  particularly  able.  In  other  cases  where  there  were 
some  very  able  teachers,  the  pupils  did  not  show  so  well  and  the 
teachers  did  not  get  the  same  good  result.  The  investigation 
was  carried  further  and  it  w^as  found  that  the  real  indication  of 
success  lay  in  the  principals  of  the  schools.  It  was  found  that 
an  active,  energetic  principal  could  stimulate  the  teachers  under 
him,  and  that  energy  was  passed  on  to  the  pupils,  and  the  result 
was  a  very  high  degree  of  efficiency.  It  was  also  found  that 
where  a  change  was  made  in  the  heads  of  schools  this  same  re- 
markable change  in  results  was  observable.  Now  I  think  the 
same  things  bears  true  in  a  w^orkshop.  This  brain  element  which 
is  not  drawn  out  by  money,  but  which  can  be  inspired  by  enthu- 
siasm, is  created  by  the  foreman  or  the  proprietor;  and  it  is  a 
fact  which  many  of  us  know  that  there  are  shops  in  this  country 
where  the  foreman  and  the  managers  are  looked  up  to,  admired 
and  loved,  by  the  workingmen,  and  in  such  shops  good  results 
are  always  obtained,  and  there  are  other  shops  in  Avhicli  the 
foreman  or  the  manager  lacks  the  power  to  interest  the  men  in 
tiieir  work,  and  gets  them  disgruntled  and  hnnself  disliked.  It 
is  not  only  the  wage  (juestion  which  enters;  it  is  the  personal 
ec|uation  that  alsrj  enters.  With  the  right  man  over  the  men 
the  troul>le  will  disaj)pear. 

^fr.  llfirriiKjton  Emerson.'*' — In  reflecting  on  the  intelligence  of 
the  employer  of  labor,  of  course,  1  was  not  reflecting  on  those 
pfntlemen  that  belong  to  the  American  Society  of  M(Kdianical 
Kn^ineen*,  or  the  related  English  Society,  b(;cause  we  are  sup- 
r.<.-.d  to  know  all  about  those  thingw.  But  I  should  certainly  say 
I  do  con.sidfT  the  average  manufacturer  and  the  average  em- 
ployer of  labor  as  knowing  very  little  about  his  business  or  its  de- 
tails.   !3ifnch  experience  from  going  into  some  of  the  very  largest 
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shops  in  this  country  has  shown  mc  thin<rs  that  are  simply  un- 
believable, things  that  wouldn't  be  credited  if  I  were  to  tell  them 
here.  Those  who  have  studied  these  matters  know  that  in  a  shop 
organized  so  as  to  obtain  the  very  best  from  men  and  machines, 
output  is  increased  anywhere  from  thirty  per  cent,  to  100  per  cent. 

Xow  those  matters  are  not  matters  of  opinion,  but  they  are 
matters  that  have  actually  been  demonstrated  in  some  of  the 
largest  concerns  in  this  country.  The  usual  lack  of  ethciency  prob- 
ably because  the  man  at  the  top  has  had  his  mind  taken  up  in 
planning  his  big  business,  in  ])lanning  the  buildings  and  getting 
the  general  scheme  running,  and  then  when  one  comes  to  details 
it  will  be  found  that  he  has  been  paying  some  man  a  daily  wage — 
perhaps  a  generous  wage — to  attend  to  some  matter,  and  fifty  per 
cent,  is  lost,  because  the  man  is  not  of  sufficient  intelligence  to 
get  out  of  the  machine,  or  out  of  the  combination  what  there 
ought  to  be  in  it.  (^uite  recently  in  going  through  a  large  nuxlel 
shop,  I  investigated  the  abrasive  wheel  conditions,  and  found 
efficiencies  as  low  as  four  per  cent.  I  saw  the  remains  of  a  cup 
emery-wheel.  The  whole  cup  had  been  worn  off,  but  the  wheel 
was  put  on  another  spindle  to  be  used  as  a  sharpening  wheel,  and 
worn  down  until  the  brass  web  was  sticking  out  all  around  the 
circumference,  and  the  wheel  itself  broken  into  five  pieces,  held 
only  by  the  hub.  AVhen  I  took  it  off  the  spindle  the  man  said, 
'^  Please  bring  it  back  soon  l)ecause  we  need  it."  Now  that  is 
the  kind  of  thing  I  have  found  in  every  single  shop  in  which  I 
have  ever  been,  not  the  particular  emery-whecd  illustration,  but 
things  of  that  kind.  A  iii:in  can  go  through  a  shop  witli  his  eyes 
closed  and  he  can  guess  at  the  efficiency  of  the  simp  simply  by 
his  ear  alone. 

In  the  machine  shop  T  mention  a  thorough  reform  of  abrasive 
wheel  conditions  will  effect  yearly  economies  in  value  «»f  time 
saved  alone  of  $10,000,  arid  a<lditional  economies  of  increased 
and  better  production  of  $20,000. 
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(Mcmbor  of  the  Society.) 

Tlio  data  which  wc  have  for  this  investigation  consist  of  nine- 
teen series  of  tests  made  for  the  committee  on  tests  of  the  Ameri- 
can Society  of  Mechanical  Engineers  in  1894-95,  and  of  twelve 
series  made  in  1899-1901  by  the  committee  on  tests  of  the  Ameri- 
can Foundrymen^s  Association. 

The  former  of  the  above  series  were  made  on  pairs  of  test  bars 
cast  togotlier  varying  in  size  from  ^  inch  square  to  4  inches  square, 
and  the  latter  series  on  round  bars  of  the  same  areas. 

To  compare  such  records  of  ^-inch  to  4-inch  test  bars  it  is 
necessary  to  find  the  strength  of  a  section  J  inch  square  by  12 
inches  long  of  each  which  is  the  greatest  common  divisor  of  all  test 
bars.    See  Fig.  427. 
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Tensile  tests  were  made  by  tlie  American  Foundrymen's  Asso- 
ciation. 

Complete  chemical  analyses  were  made  of  each  series. 

The  American  Society  of  Mechan^'^al  Engineers  series  are  nuin- 
Wred  and  the  American  Founary^men's  Association  series  are 
lettered. 

The  American  Society  of  Mechanical  Engineers  records  are 
the  average  of  two  tf.'st  bars  of  rectangular  section  cast  together. 
The  American  Foundrymen's  Association  records  are  the  average 
of  all  bars  of  the  same  area  both  square  or  round,  in  most  cases 
the  average  of  sixteen  bars. 

These  strengths  and  the  chemical  composition  of  tliesc  bars 
•vn  graphically  in  the  Figs.  428  to  442. 
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'Tf-cljanical  EQg^ine«sr8,  and  forming  part  of  Volume  XXV.  of  tbe 
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Physical  and  C'hemk  ai,  SiMii.AKriv. 

Tn  tlio  prooo(lin<i'  fi<iur('s,  take  tlic  line  (»r  i-in-vc  ropn^seiiting 
any  chemical  element  and  compare  its  variation  with  the  variation 
of  the  line  representing  the  stron<2:t]i  of  each  sizp  of  test  bar  and 
note  the  apparent  similarity.  Aft<er  completing  the  examination 
condense  the  results  for  the  influence  of  each  eliemical  clement. 

Chemical  Composition  and  Stkkncjtii. — Silicon. — Fp  to  3.00 
per  cent,  silicon  increases  the  streiiij^th  of  small  ca.stin_i^,  sneh 
as  ^-inch  test  bars.  Up  to  2.00  per  cent,  it  increases  the  streiierth 
of  1-inch  test  bars. 

Ill  the  air  furnace  casts  D,  E  and  L,  J-inch,  1-inch  and  IJ-inch 
test  bars  all  increase  in  strength  as  silicon  increases,  and  all  other 
sizes  increase  in  strength  to  .00  per  cent,  silicon. 

In  cupola  mixtures  with  silicon  over  1.00  per  ceni.  lest  bars 
larger  than  1  inch  usually  decrease  in  strength  as  silicon  increases. 
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The  tensile  tests.  Fig.  442,  of  all  bars  up  to  2  inches  and  to  2.50 
per  cent,  show  an  increase  in  sti-ength,  but  a  decrease  for  3.00 
per  cent 

Total  Carhon. — In  gray  iron,  transverse  strength  decreases  with 
increase  of  t^tal  carbon.  The  tensile  strength  shows  no  such 
uniformity. 

In  Series  1,  Fig.  4o8,  steel  scrap  was  added  to  decrease  total 
carbon  and  to  increase  strength,  but  this  was  not  as  strong  as  Bj 
Fig.  434,  with  no  scrap,  though  both  have  the  same  silicon. 

Total  carbon  increases  as  silicon  decreases  because  silicon 
changes  combined  to  graphitic  carbon,  and  some  of  this  escapes 
as  the  metal  cools. 

The  increase  in  strength  and  decrease  in  total  carbon  in  test 
bars  up  to  2  inches  is  caused  by  the  increase  of  silicon  which  re- 
moves brittlcness. 

ComVmed  Carhon. — This  always  decreases  as  silicon  increases 
with  normal  conditions.  The  transverse  strength  of  |-inch  and 
1-inch  test  bars  gradually  increased  while  combined  carbon  de- 
creased, but  in  larger  bars  strength  and  combined  carbon  both 
decreased. 

This  was  due  to  the  slow  cooling  which  increased  the  size  of 
the  grain.  The  average  of  all  tensile  tests  shows  an  increase  of 
strength  as  combined  carbon  decreases. 

If  it  was  the  decrease  of  combined  carbon  which  caused  the 
decrease  in  strength  in  large  test  bars  the  smaller  bars  would  not 
show  the  opposite  result. 

Analysis  of  each  size  of  test  bar  often  shows  the  same  com- 
bined carbon  in  small  and  in  large  bars,  but  the  small  bars  are 
invariably  strong  and  the  large  bars  weak  due  to  slow  cooling. 

In  Fig.  435,  B  has  the  lowest  comliined  carbon  and  the  greatest 
litrength  of  the  ^roup.  In  J  the  strength  drops  in  all  sizes  of  test 
bars  while  combined  carbon  is  slightly  greater. 

Comparing  B  with  /  (Fig.  430),  wliilc  both  have  tlu;  same  sili- 
con, /  has  very  nnich  lower  combined  carljon  jiiid  is  very  much 
htrong'T  in  the  J-inch  and  1-incli  bars;  is  about  the  same  strength 
in  th(;  IJ-inch,  2-inr'h  and  2i-inch  bars,  ])iit  the  3-inch,  3. J  inch  and 
4-iiirh  l...r--  jir*'-  iiiii'-li  wr-jikcr.    (Steel  scrap  added  to  /  did  not  act 

Closing  the  grain  and  removing  brittlcness  increases  strength. 
-'  in  an  air  furnace,  Fig.  440,  increases  both  strength  and 
combined  carbon. 
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Fig.  447.— Kkkp'b  Tkn8ile  Strength  (haht. 

Appruximate  rilation  of  Htren^th  to  nize  of  raglinsr  and  to  norcontafjo  of  Bilicon 
(Tabic  ijivta  the  hlri'ii^'ih  p«r  t?«iuar.'  in.  h  \ 


Grapliiitc  (^arhoti. — The  (numtity  in  any  castiii'?  is  the  (litT«r- 
once  between  the  total  and  the  coinbiiuMl  carhon.  In  these  series 
there  is  no  iinifonnity  between  the  |MT<*entai::e  (»f  •rrapliito  and 
the  strenf^th. 

l^hosjfhorux. —  In  all  of  these  series  ])hns|»h(>rn«i  p-nerally  in- 
eroases  as  silicon  increases. 

While  tlie  tensile  te-t-.  V\ii.  442.  show  an  increase  of  streiipth 
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with  an  increase  of  pliosphonis,  yd  the  tran.>^vcrso  tests,  cspe- 
eially  Fi^s.  432  to  435,  seem  to  show  that  pho.sphoriis  reduces 
strength.     This  is  al^so  general  shop  experienee. 

Sulphur. — There  i.s  not  in  these  testa  enough  unifonnity  be- 
tween the  percentage  of  sulphur  and  the  strength  to  show  any 
decided  influence,   but  the   indication   is   that  sulphur  decreases 
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Fio.  449. — Kekp'8  Tranhverse  Strength  Chart. 

Appff.'         ■     •    itirm  of  Hin-riKlh  to  nize  of  ca.'^tinff  and  to  i)ercciit,ase  of  pilicon. 
(1  •       .    •    -  tilt-  Htrtiigth  of  u  seciion  of  each  tcht  bur  \"  a  x  12"  long.) 


FtronfTth.  In  some  cases  snlplmr  mif^lit  add  to  strength  by  caus- 
\i\^  the  ^ain  to  he  closer. 

MnnQanene.  —  Tlie  percentage  is  too  nearly  the  same  in  these 
eerien  to  show  any  influence  on  strength. 

n*'  ^'oiiiparing  strengths  and  chemical  (toujposilion  of  the  irons 

alike,  as  3,  0,  10,  A,  or  5,  18,  B,  C,  /,  or  ll],  7/,  or  6,  12, 

with  all  chemical  elements  nearly  alike,  and  no  scrap,  but  with 

'luite  different  strengths,  it  is  very  evident  that  strength  is  de- 
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Fio.  400.— Kebi''s  Siirimkaoe  Chart. 
Approximat*  relation  of  fhrlnkage  to  tize  of  caatlng and  to  ptrcent*?*" of  tllicoo. 
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|>endent  upon  something  outside  of  the  ordinary  chemical  com- 
position. 

Slow  Cooling  Decreases  Strength  by  making  the  grain  of  a  cast- 
ing coarse  and  more  open.  The  hu'ger  the  casting  the  weaker 
it  becomes  per  square  inch  of  section.  The  weakness  is  not  caused 
bv  a  decrease  in  combined  carbon  because  a  complete  analysis  of 
each  size  of  test  bar  {Transadions,  American  Society  of  Mechan- 
ical Engineers,  Voume  XVL,  p.  1100)  shows  the  same  combined 
carbon  in  all  sizes  of  many  series,  but  in  all  cases  the  strength  per 
unit  of  section  decreased  as  the  size  increased. 

Strength  of  Any  She  of  Test  Bar  cannot  he  Calcidated  hy  Any 
Mathematical  Formula  from  the  Measured  Strength  of  Another  Size^ 
because  the  grain  changes  by  slow  cooling.  Such  strength  must 
he  obtained  by  a  graphic  chart.  Fig.  443  shows  the  average  tensile 
strength  per  square  inch,  Fig.  444  the  average  crushing  strength 
of  a  ^-inch  cube,  and  Fig.  445  the  average  transverse  strength  of  a 
section  1  inch  square  by  12  inches,  of  each  size  of  test  bar  of 
series  ^4,  7?  and  (7. 

The  similarity  in  the  diagrams  of  each  of  these  three  kinds  of 
strengths  shows  that  a  graphic  chart  should  show  this  general 
character  of  diagram.  Fig.  446  shows  the  average  tensile  strength 
of  each  size  of  test  bar  of  each  of  the  American  Foundrymen's 
Association  tests  and  also  gives  a  line  showing  the  average  ten- 
sile strength. 

Tensile  Strength  Chart. — Fig.  447  shows  this  chart.  The 
dotted  lines  are  estimated. 

F'ig.  448  and  Fig.  448  Ccont'd.)  show  the  average  transverse 
strengths  of  each  American  Society  of  Mechanical  Engineers  and 
American  Foundrymen's  Association  tests  and  a  curve  sliowing 
the  average  strength  of  each  size  of  test  bar  of  each  variation  in 
silicon. 

Transverse   Strength    Chart. — Fig.  440  shows  these  curves. 

Shrinkage  Chart  for  approximating  the  percentage  of  silicon 
in  any  test  bar  or  casting,  Fig.  450  is  constructed  from  tlie  care- 
fully measured  shrinkage  and  analyses  of  encli  size  of  test  bar  of 
tlif  Anierir-an  SrK'icty  of  ^fefliaiiifal  Engineers  scries. 

Table  for  Ohiainrng  the  Strength  of  Any  Size   of  Test   Bar 

fri.m  fliA  Measured  Strength  of  a  Standard  Test  Bar. — Table  I 

..iter!  from  chart,  Fig.  440,  for  a  stanflard   1-inch  square 

tefrt  bar.     Measure  the  shrinkage  per  foot  of  the  standard  test 

bar,  then  on  the  nhrinkage  chart.  Fig.  450,  find  this  shrinkage  on 
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TABLE   i. 
Keep's  Table  for  Approximate  Transverse  Strength, 


Per  cent,  of  ( 
Silicon. ..  )' 

Size  of  Tkst 

i  inch.sq....  | 

1  inch  sq 

2  X  1  in. sq.  - 


1}  in.  sq. 


1.00^ 


1.179 
.1473 


.9286 
1.857 

.8970 
3.029 


»       .8129 


1.25jt      1.50JC 


1.246     1.2.5:} 
.1558      .1.-^7 


.9188      .9095 
1.838  I  1.819 

.8863      .873:i 


l.TSf 


2.00JC 


1.287  '  1.318 
.1610      .1648 


1. 


.8932 
1.796      1.787 

.8629      .8.562 


2.26JC 


2.50jt     2.75!<  ,  3.0W 


2.991  1  2.947  '  2.912      2.890 


8306   .8167   .8009 
(  6.74;i  ;  6.645  j  6.5;i4  !  6.407 

(  '  .81171  .7935   .7783   .7611 
(  12.68  12.40  12.16  11.89 


'^^^•^^ ,  C.743  i  6.645 

2|  in.  sq 


.7908 
6.327 

.7473 
11.68 


3  in. nq.. 
3}  in. sq 

4  in.  .sq.. 


J   .7833|  .7610   .7421   .7235   .7102 
(  |21.64  ""  "   ^ 


t  '  .7524 
(  32.20 


20.55  20.04   19.53  119.18 

j      I 

.7309   .7104   .6925!  .6776 
31.34   :i0.40   29.69  29.05 


\       .76Sl'  .71f)0   .6900   .66811  .6493 
I   46.78  145.44  |44.10   42.76  141.55 


l.»16  I  1.370   1.394   1.418 
.16831  .1713   .1743   .1772 


1. 


.8860   .87K7;  .8750   .8587 

1.772  1.757  ,  1.750  j  1.717 

.8473   .ft3S3  .srfio'  .822k 

2.860  I  2.K2*.>  2.810  ,  2.777 


3.25)(  '  3.50j( 


1.443      1.471 
.ISOi      .1889 

1. 


.8586 
1.717 

.8122 
2.741 


.7806   .76S1   .7.5K5J  .7447   .7S42 
6.245  j  6.145  6.068  i  5.958  ,  5.873 

.7365!  .7213!  -7098   .6962   .6857 


.8600 
1.704 

.8055 
3.141 

.7225 
5.780 

.6701 


11.49  111.27  .11.09  ,10.88  .10.71  ;10.47 

.6968   .6808   .6095   .6540   .6413   .6300 
18.81  jl8.38  |18.08  :i7.66  |l7.aj  17.01 

.6624   .6408'  .6356   .6224   .r,097   .59«2 


2S.40  j27.73  27.25  20.68 

<»«'  .0191   .0059   .5907 
40.00  139. W  38.78  37.81 


25. H4  125.56 

.5781   .5646 
36.99  36.10 


the  left-liand  iiiarpn  and  follow  horizontally  nntil  you  intersect 
the  line  of  the  measured  test  bar.  Follow  the  vertical  line  at  the 
intersection  to  the  top  of  the  chart,  and  you  find  the  percentage 
of  silicon  that  is  expected  to  produce  that  shrinkage.  Find  this 
same  percentage  at  the  top  of  Table  I,  and  follow  down  to  the 
size  of  test  bar  that  you  wish  the  strength  of.  If  you  wish  the 
actual  strength  use  the  lower  figures  as  a  multiplier  of  the  meas- 
ured strength  of  the  standard  1-incli  bar.  If  you  wish  the  strength 
of  a  section  1  inch  square  by  12  inches  long  of  the  re<piircd  test 
bar  use  the  upper  number  to  multii)ly  by. 

If  you  have  the  strength  of  any  size  of  test  bar  other  than  a 
1-inch  bar,  and  know  the  silicon  percentage,  divide  such  strength 
by  the  lower  number  for  the  bar,  or  if  you  have  the  strength  of  a 
section  of  the  required  test  bar  1  inch  square  by  12  inches  long, 
divide  by  the  upper  number,  and  the  result  in  either  ca:^  is  the 
strength  of  the  standard  1-inch  bar. 

To  Find  the  Strcnfjtli  of  Any  Casting. — Divide  the  cubic  con- 
tents of  a  casting  by  the  square  inches  of  cooling  surface,  and 
the  quotient  is  the  cooling  ratio.  If  the  casting  ha.s  a  large  f^at 
surface  the  edges  may  be  neglected;  for  example,  a  casting  1  inch 
thick  and  24  inches  square.  A  strip  1  inch  wide  and  24  inches 
long  would  have  24.  cubic  inches  contents  and  48  square  inches 
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of  cooling  surface.  24  -^  48  =  .5  ratio.  Find  this  ratio  at  the 
top  of  the  chart,  Fio-.  4r)l,  and  follow  down  to  the  diagonal,  and 
we  find  that  a  2-inch  square  test  bar  represents  the  strength  of 
the  casting. 

With  the  shrinkage  of  a  standard  1-inch  test  bar,  cast  at  the 
same  time  as  the  casting,  find  on  the  shrinkage  chart  the  per- 
centage of  silicon  in  the  casting,  then  in  Table  I  find  the  upper 
multiplier  for  a  2-inch  test  bar.  This  multiplied  by  the  measured 
strength  of  the  standard  test  bar  gives  the  strength  of  a  section 
of  the  casting  1  inch  square  and  12  inches  long. 


Proposed  Specifications  for  Cast  Iron. 

At  the  appointment  of  a  committee  by  the  International  Asso- 
ciation for  Testing  Materials  at  Zurich  in  1895,  the  charge  was: 
"  On  the  basis  of  existing  specifications  to  seek  methods  and  means 
for  the  intro<luction  of  international  specifications  for  testing  and 
inspecting  iron  and  .steel  of  all  kinds."  The  secretary  of  the 
American  section  of  the  committee  on  cast  iron  says  that  the 
"  committees  began  U)  coHect  information  on  existing  methods 
and  to  formulate  specifications  based  thereon  as  far  as  possible, 
the  final  results  being  intenrled  to  re7)resent  the  best  American 
practice  at  the  present  time." 

The  following  are  submitted  as  desirable  by  the  various  com- 
mittees : 
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General  Gray  Iron  Castings  and  Method  of  Testino. — 
Chemical  Properties. 

Light  castings  sul|)liur  not  over O.OH  jmt  <«-nt. 

—  Medium     *' 0  10     **      " 

Heavy       "  "         "       "    0.12     "      " 

Definition. — Light  castings  are  those  less  than  \  incli  thick. 
Heavy  castings  more  than  2  inches  thick.     Medium  all  between. 

Phrjsical  Properties.  Transverse  'list. — The  mininuini  break- 
ing strength  of  the  '^  Arbitration  Bar  '^  (1^  inches  diameter)  under 
transverse  load  shall  not  be  under 

Light  castings 2,500  lbs. 

Medium     "     2.900    " 

Heavy       "     3.300    " 

In  no  case  shall  the  deflection  be  under  .10  of  an  inch. 
Tensile   Test  not  less  than 

Light  castiniTS 1H,000  lbs.  per  sij.  in. 

Medium     "       21.000    "      "     "     " 

Heavy        "      24,000    "      "     "     " 

Two  sets  of  round  bars  \\  inches  diameter  shall  i)e  cast  from 
each  heat,  one  set  from  the  first  and  the  other  set  from  the  last 
iron  going  into  the  castings.  The  transverse  test  shall  be  nmde 
on  all  the  bars  cast  with  supports  12  inches  apart,  load  applied 
at  the  middle.  One  bar  of  every  two  of  each  set  made  must  meet 
requirements. 

American  Foundrymen's  Association  proposed  specification. 
Light  and  Medium  weight  castings  silicon  1.7r>  jht  cent.  an<l  up, 
test  bars  \\  inches  diameter. 

Heavy  castings  silicon  1.50  to  2.00  per  cent.,  test  bars  1  inches 
diameter. 

ChilliniT  irons  silicon  b(d<tw  1.00  per  cent.,  test  bar  '1\  inches 
diameter. 

No  specification  for  strength. 

Pii'E  Castings,  no  chemical  specification  given. 

rin/slral  Test. — Test  bar  2  inches  wi<h',  1  iiicli  deep,  sujh 
jM>rts  24  inches  apart  and  loaded  at  center.  For  pijK'  12  iiudies 
diameter  and  less,  breaking  load  1,000  pounds  with  not  loss  than 
30-inch  deflectir)n. 

For  pipe  larger  than  12  inches,  loa<l  2,000  ])nunds  with  deflec- 
tion not  less  than  .'>V2  inch.  The  U-<t  <ha]\  be  ba-e<l  upon  the 
average  result  of  three  test  bars. 
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Locomotive  Cy u^vERS.—Che?nical  Properties. 

Silicon  from  1.25  to  1.75  per  cent. 

Phosphorus not  over     .90  per  cent. 

oil  ««  44  10         *'  *' 

bulphur -AU  ^ 

Physical  Properties, — ''Arbitration  test  bar/^  l-j  inclies  di- 
ameter, supports  12  inches  apart,  strength  not  less  than  2,700 
pounds',  deflection  not  less  than  .08  inch.  One  test  bar  for  each 
cylinder.     Acceptance  or  rejection  in  case  of  dispute  based  on 

chemical  analysis. 

]\[alleaijle  C^^nso^.— Chemical  Properties.— ^v\^\mr  not  over 

.06,  phosphorus  not  over  .225. 

Physical  P/•()/>6;'^^V*'.— Standard  test  bar  1  inch  square,  supports 
12  inches  apart,  transverse  strength  after  annealing  not  less  than 
3,000  pounds,  deflection  at  least  J  inch.  Tensile  strength,  the 
same  size  of  bar,  not  less  than  42,000  pounds  per  square  inch. 

"Existing  Methods"  and  Specifications. 

The  reply  to  letters  to  leading  founders  and  chemists  was  gen- 
erally that  they  used  no  specifications. 

The  United  Engineering  and  Foundry  Company,  compris- 
ing many  of  the  largest  foundries  in  the  Pittsburg  district, 
says:  ''  We  watch  our  silicons  and  sulphurs  pretty  carefully  for 
the  ordinary  run  of  castings,  and  when  we  desire  castings  of  high 
strength  we  make  a  mixture  from  scrap  and  pig  that,  when  melted 
in  an  air  fuurnace,  will  give  us  a  silicon  of  about  1.50  per  cent." 

I*iiiLADELPniA  and  IIeading  Eailway  Company.  — "  With  50 
per  cent,  of  pig  iron  as  per  specification  and  50  per  cent,  of 
good  scrap  with  ferro  manganese  in  the  ladle,  we  got  a  very 
tough,  close-grained  iron  which  turns  up  almost  like  steel.  We 
get  the  best  results  by  the  combination  of  analysis  from  the  cast- 
ings them-selves  combined  with  the  appearance  and  character  of 
the  fracture,  and  we  avoid  test  bars  owing  to  the  difficulty  of 
having  them  represent  the  general  condition  of  the  castings.  We 
ujmmI  a  test  bar  1.1'i  inches  diamct(;r,  12  inches  between  supports. 
Our  former  specifications  wer(i  roughly. 

^f   Jnira  Iron,   engine  cylinders,   gears,   etc.      Silicon   1.40  to 
rcent.    Sulphur  les.s  than  .085  per  cent.    Phosphorus  less 
than  .60  per  cent.    Manganese  less  than  .70  per  cent.    Transverse 
strenirth  about  2,400  pounds  per  s^piaro  inch." 

'  7r<m,  general  car  and  roadway  use.     Silicon  2.00  to  2.80 
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per  cent.  Other  elements  same  as  medium  iron.  Transverse 
strength  2,000  pounds." 

'^  For  Brake-shoes  and  other  castings  for  frictional  wear.  Sili- 
con 2.00  to  2.50  per  cent.  Sulphur  less  than  .15  per  cent.  Phos- 
phorus less  than  0.70  per  cent.  Manganese  less  than  0.70  per  cent. 
Transverse  strength  2,900  pounds." 

J.  I.  Case  Turesiiing  Machine  Company  Specifications  and 
used  by  a  large  number  of  Western  founders,  and  published  by 
their  chemist,  Mr.  W.  G.  Scott,  is  as  follows : 

Close  Hard  Iron  for  air  and  ammonia  compressors,  II.  P.  cyl- 
inders, H.  P.  valves,  etc.  Silicon  1.20  to  1.60  per  cent,  (below 
too  hard,  above  porous,  unless  much  scrap  is  used).  Sulphur  less 
than  .095  per  cent.  Phosphorus  below  0.70  per  cent,  (for  chill 
.30  per  cent.).  Manganese  below  .70  per  cent,  (higher  for  chill). 
Transverse  strength,  test  bar  1  inch  square  by  12  inches  cast  in 
yokes,  2,400  pounds.  Tensile  strength  per  square  inch  22,000. 
Shrinkage  (bar  1  inch  square  by  12  inches),  not  more  than  .101 
inch.    Chill  in  yokes  below  .25  inch. 

Medium  Iron  for  engine  cylinders,  gears,  pinions,  etc.  Sili- 
con 1.40  to  2.00  per  cent.  (1.50  best  for  gears).  Sulphur  less  than 
.085  per  cent,  (best  .075  to  .080).  Phosphorus  below  .70  per 
cent.  Manganese  below  .70  per  cent.  Transverse  strength  2,200, 
tensile  2,000.     Shrinkage  not  more  than  .154  inch,  chill  .15  inch. 

Soft  Iron  for  pulleys,  small  castings  and  agricultural  work. 
Silicon  2.20  to  2.80  per  cent,  (below  too  hard,  above  weak  for 
large  castings,  2.40  a  good  average).  Sulphur  less  than  .0S5. 
Phosphorus  below  .70  (1.00  for  stove  plate).  Manganese  below 
.70  per  cent.  Transverse  strength  2,000.  Tensile  18,000.  Shrink- 
age .141  inch.    Chill  .05  inch. 

The  Lorain  Foundry  Company. — .Mr.  Oliver  Plieli>s,  former 
general  manager,  gave  me  the  following:  ^^  The  efforts  of  the 
Lorain  foundry  were  devoted  specially  to  large  and  heavy  castings. 
Size  of  test  bar  2  inches  wide,  1  inch  deep  and  24  inches  between 
supports.    Three  test  bars. 

Hard  Iroii^  for  compressor  cylinders,  valves  and  high-pressure 
work.  Silicon  1.20  to  1.50  per  cent  Sulphur  under  .09.  Phos- 
phorus .35  to  .60.  Manganese  .50  to  .80.  Transverse  strength 
2,600  pounds  per  square  inch.  Tensile  24,000  pounds  per  stjuare 
inch. 

Medium  Iron  for  general  work.  Silicon  1.50  to  2.00  jhjf  cent. 
Sulphur  uutlcr  .08  per  cent.     Phosphorus  .35  to  .60.     Manganese 
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.50  to  .80.  Transverse  strength  2,400  pounds  per  square  inch. 
Tensile  23,000.  The  above  arc  cupohi  melts  with  best  Connells- 
ville  coke.    Limestone  flux. 

In  some  eases  for  density  vre  place  in  the  ladle  J  to  1  per  cent. 
of  ahmiinum.  For  castings  of  over  15  tons  we  sometimes  mixed 
air  furnace  and  cupola  iron,  gaining  nearly  30  per  cent,  increase 
in  strength  in  both  tests.  I  think  our  high  tests  were,  however, 
largely  due  to  Xorthern  lake  ore  irons,  not  over  15  per  cent,  of 
our  mixture  being  made  with  Southern  iron. 

Chemical  Work  Castings  (cupola).  Silicon  1.10  to  1.35.  Sul- 
phur under  .07.  Phosphorus  under  .25.  Manganese  .40  to  .60 
per  cent. 

.4iV  Furnace  Iron. — For  Omaha  and  Pittsburg  pumps  15  to 
20  millions  capacity,  the  average  thickness  of  metal  2|  inches, 
the  several  pieces  weighing  12,000  to  29,000  pounds  each.  The 
analysis  was  T.  C.  3.20,  G.  C.  2.19,  C.  C.  1.01,  Si.  1.30,  S.  0.085, 
Mm.  (K37. 

This  iron  was  melted  in  an  air  furnace  with  gas  coke  running 
about  1.50  per  cent,  sulphur,  about  1  pound  coal  to  3  pounds  iron. 
Time  of  heat  about  seven  hours." 

English  J^ractice. — Prof.  Thomas  Turner  says:  *'For  trans- 
ver»e  test  the  common  test  adopted  by  iron  founders  is  breaking 
a  bar  3  feet  long  by  2  inches  deep  and  1  inch  broad.  However, 
many  .shapes  and  sizes  of  test  bar  have  been  adopted,  and  for  scien- 
tific puq)08e8  the  results  so  obtained  are  converted  by  calculation 
into  values  for  a  bar  one  foot  long  and  one  inch  square." 

Comments  on  Specifications. 

(^hkmical  Srpx'incATiox. — lUo  clicmicnl  properties  for  each 
kind  r»f  ca.sting  nhould  be  H[>ecified.  A  small  variation  in  silicon 
will  make  ca«tingH  either  too  hard  or  too  porous.  The  general 
founder  should  Ik;  instructed  on  llicsc  questions.  1'he  sulphurs  of 
the  comniittee  for  general  gray  iron  casting  are  too  high.  TIk; 
practif*e  of  J.  T.  Case  T.  M.  Co.  and  Loi-nin  Foundry  Com[)any 
»hoiild  he  followed  clos(dy. 

A  chemical  specifieation  is  of  the  utmr)st  importance.  The 
I»rain  air  furnace  iron  has  silicon  1.30  p(T  cent.,  the  grain  is 
cloBC'  and  Btrength  of  a  1  inch  square  bar  is  3,900.  The  American 
Foundrjr'mon'H  Aft-swiation  Ccast  L.)  fnrnace  iron  has  silicon  2.35 
per  cent,  which  would  make  the  grain  too  open  and  would  cause 
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spongy  iron.     To  insure  the  density  recniircd  for  peculiar  work 
the  chemical  composition  must  be  specified. 

Test    Bars. — Best     Size — Very  few   realize   the   influence  on 
strength  due  to  a  slight  change  in  proportion  of  test  bar.     The  re- 
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suits  in  Fi<;.  A'^l  were  given  to  me  for  this  paper  by  the  I)o(loe 
^lanufacturing  Company  of  Mishawaka,  Iml.  The  fracture  of 
each  test  bar  was  exactly  one  square  inch  area.  The  sup|K)rt8 
were  24  inches  ai)art;  strength  the  average  of  four  bars.     The 
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analysis  of  the  iron  was:  Silicon  2.12.  Phosphorus  .813.  Sulphur 
.081.    ^Manganese  .253. 

Fig.  453  is  a  graphic  chart  of  all  of  the  preceding  specifications 
reduced  to  terms  of  a  bar  1  inch  square  by  12  inches  long.  There 
are  four  sizes  of  test  bars,  viz. : 

1  inch  square  by  J.  I.  Case  and  conmiittee  on  malleables. 
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1.13  inches  round  by  Phihidelphia  &  Kcading  Ilailway. 

1.25  inches  round  suggested  by  comiiiittee  on  general  castings 
and  for  locomotive  cylinders. 

2  inches  by  1  inch  by  24  inches  ])y  committee  on  Pipe  and 
Lorain  Foundry  Company  and  in  England. 

ile  strength  is  always  given  in  terms  per  square  inch 
of  art-a.  The  test  bar  for  tensile  test  should  be  cast  1.13  inches 
diameter,  parallel  for  2  inches  at  centre,  then  gradually  increas- 
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ing  in  size  to  give  taper  ends  for  a  firm  hold  with  the  grips  of  the 
machine.  The  bar  should  be  tested  just  as  east,  which  would  give, 
without  calculation,  the  tensile  strength  per  square  inch  of  a  test 
bar  cast  and  tested  with  a  square  inch  section. 

If  a  transverse  test  bar  is  cast  1  inch  square  and  tested  wnth 
supports  12  inches  apart,  the  result  is  comparable  with  the  ten- 
sile test  because  the  area  and  the  grain  is  the  same. 

The  test  bar  1.13  inches  diameter  has  the  same  grain  as  the 
1  inch  square,  and  the  strength  is  therefore  comparable  with  1 


'lK''lia. 


Fro.  454. 


inch  square,  or  with  the  tensile  strengtli  of  a  bar  cast  1  square 
inch  in  section. 

The  ^' Arhitraiion  Test  Bar^"*  1.25  inches  diameter.  It  cannot 
be  used  to  arbitrate  a  dispute,  because  it  is  directed  tliat  the 
founder  break  all  the  bars,  and  no  others  can  be  made. 

It  was  not  intended  in  the  original  instructions  that  any  com- 
mittee should  propose  a  new  test,  but  to  "  base  suggestions  on 
existing  methods."  The  record  of  a  IJ-inch  round  bar  cannot  be 
compared  with  any  existing  j)ublished  records. 

A  round  test  bar  1.13  inches  diameter  equals  a  1-inch  s<^|uare 
])ar,  ('(pials  area  1.00  s(piare  inch.  See  Fig.  454.  A  test  bar  1.2r> 
inclics  diameter  equals  a  bar  1.108  inches  square,  equals  area  1.227 
scjuare  inches. 

Has  such  a  test  bar  any  advantage  that  would  warrant  the  dis- 
carding of  all  previous  records? 

It  is  not  practical  for  a  founder  to  reduce  tlie  record  of  a  1.25- 
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im-h  ruuiul  bar  to  that  of  a  bar  with  1  square  inch  area,  cast  from 
the  same  iron,  bv  any  mathematical  formula. 

It  is  not  possible  at  present  to  realize  what  the  strength  of  such 
a  test  bar  indicates. 

Take,  for  example,  the  strength  of  a  l^-inch  bar  at  2,700 
pounds  for  locomotive  cylinders. 

The  transverse  strength  of  a  1-inch  square  section  of  a  l|-inch 
round  or  a  l.lOS-inch  square  bar  of  2,700  pounds  by  the  formula 

2,700  X  !»      ,  „^.  , 

=    ' ,—  =  l,98o  pounds. 

1.108^  '        ^ 

But  a  1-inch  square  section  of  a  l-|-inch  round  test  bar,  with 
1.50  per  cent,  silicon,  is  85  pounds  weaker  than  a  bar  from  the 
same  iron  cast  1  inch  square. 

1,985  4-  85  =  2,070  pounds.  (By  Table  I  with  1.50  per  cent, 
silicon  this  1-inch  square  bar  equals  2,060  pounds.) 

Did  the  committee  mean  to  prescribe  such  a  low  strength  for 
locomotive  cylinders  ? 

The  strength  for  general  castings  becomes 

1 .-/'  dia.  Section  1"  □  ^^^  Cooling"''''  ^^'  ^""^^  ^"  ° 

Hard  Iron 3,300  lbs.  =  2,438  lbs.  +  95  lbs.  =         2,533  lbs. 

Medium 2,900    "     =  2,127    "     +  105    "     =        2,232    " 

Soft 2,500    "     =  1,816    "     4-  120    "     =        1,936    " 

This  is  so  near  the  J.  T.  Case  T.  M.  Co.  specification  of  2,400, 
2,200,  2,000  that  it  would  seem  better  to  adopt  a  specification  in 
such  general  use. 

For  cast  pipe  the  bar  2  inches  wide,  1  inch  deep  and  24 
inches  between  sup[Kjrts  gives  a  record  which  is  exactly  the  same 
as  an  average  section  of  that  bar  1  inch  square  by  12  inches  long, 
but  the  larger  bar  loo.st^  considerable  from  slow  cooling. 

2»  \  ,  Zi       Section  1"  a  X  Vi"  Lowt  If  Cast  1"  d 

2,000  =  2,000  4-  227  =  2.227  lbs. 

1,900=  1,000  -f-  189  =  2,089   " 

An  average'  of  eight  test  bars  of  series  18  of  the  English  size 
•i  feet  long  2  iiieheH  deej)  and  1  inch  wide  was  3251  ]K>undH;  the 
}*trenjrth  of  a  .section  1  foot  long  and  1  inch  square  would  be  2438 

Thf  average  of  eight  such  bars  poured  from  the  same  ladle  and 
d  1  inch  deep  and  2  inclie.s  wide  was  141)7  pounds;  the  strength 
of  a  section  1  foot  long  and  1  inch  -<|narc  would  be  2246  pounds. 
A  test  bar  2  inches  by  1  inch  whetln-r  1,  2,  or  3  feet  long  has  a 
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sectional  area  of  two  square  inches,  but  the  strength  per  square 
inch  of  any  of  these  bars  whether  tested  the  narrow  or  wide  side 
down  is  not  one-half  the  breaking  load,  but  is  the  calculated 
strength  of  a  section  one  foot  long  and  one  inch  square. 

Strength  in  Specifications. — It  will  be  noticed  from  all  figures, 
Xos.  428  to  449,  and  from  the  average  American  Foundr\'men*s 
Association  diagrams,  that  as  silicon  is  increased  the  strength  of 
heavv  castings  decreases,  but  that  the  strength  of  a  1-inch  square 
test  bar  from  the  same  iron  increases  while  in  all  specifications  all 
heavv  and  medium  castings  and  also  the  1-incli  scpiare  test  bar 
must  be  strongest  for  low  silicon.  The  chemical  composition  will 
not  account  for  the  extra  strength.  The  Lorain  Foundrv  Company 
gets  it  by  using  special  lake  ore  iron.  Some  do  so  by  adding  steel 
scrap,  and  others  by  using  charcoal  and  other  irons  with  peculiar 
qualities.  There  are  some  pig  irons  that  when  mixed  with  other 
irons  in  the  cupola  give  the  desired  strength  and  still  keep  the  sili- 
con at  1.30  per  cent.  Much  less  expensive  irons  are  needed  for 
medium  iron,  and  quite  low-priced  irons  can  be  used  for  soft  cast- 
ings. This  is  entirely  independent  of  the  chemical  composition. 
For  example.  Scries  18,  Figs.  4o2  and  4.'>3,  has  silicon  right  for 
medium  iron,  but  it  has  strength  for  the  heaviest  castings.  The 
cupola  charge  was  500  pounds  each,  "  Swede  "  (plain),  "  Puhiski  '^ 
(Xo.  2),  ^^  Princess''  (Xo.  2),  ^' Kemble  "  (Xo.  2),  1,800  p(mnds 
scrap,  200  pounds  cast  iron  borings.  The  test  bars  were  cast  at  the 
middle  of  the  heat.  A  test  piece  turned  t<»  1  ]  inches  gave  a  tensile 
test  of  21>,040  j)ounds  per  square  inch.  Analysis  of  test  bar  was: 
T.  C.  3.33,  G.  C.  2. S3,  (\  C.  .52,  Si.  2.05,  \\  .312,  S.  .052,  Mn. 
.354.  Aside  from  its  favorable  composition  the  very  high  strength 
was  due  to  the  careful  selection  of  ])ig  irons,  but  most  to  the 
clasing  the  grain  with  cast  iron  borings. 

If  the  specifications  of  J.  I.  Case  T.  ^F.  Co.  be  adopted  for 
ordinary  foundry  iron,  it  might  l)e  well  to  specify  a  high  grade 
cupola  casting  for  extra  heavy  work,  and  take  for  such  the  L<»raiii 
strengths  2,800  and  2, GOO. 

For  the  highest  grade  of  air  furnace  iron  we  might  take  the 
Lorain  for  the  strongest,  and  the  American  Foundrymen's  Associa- 
tion, Series  L,  for  the  highest  silicon  allowed  for  medium  weiglit><. 
Strengths  3,800  and  3,200. 

Square  and  Rorxn  Test  J*ars  Cast  Flat  or  on  End. — As 
ordinary  castings  have  flat  snrfaces  and  are  cast  flat,  it  wouM 
seem  most  natural  to  use  a  square  test  bar  cast  flat. 
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The  coimnittee  recommended  a  piece  of  10-inch  water  pipe  for 
a  flask.  It  is  impossible  to  ram  a  vertical  mould  with  a  test  bar 
extending  upward  without  moving  the  pattern  and  have  the  sand 
packed  uniformly.  Any  variation  would  produce  a  test  bar  of 
irregular  section.  In  tilling  a  vertical  mould  with  iron  the  free 
surface  is  so  small  that  bubbles  of  gas  cannot  reach  the  surface, 
but  are  caught  near  the  walls  of  the  mould. 

A  square  bar  cast  flat  fills  with  iron  so  slowly  that  all  bubbles 
of  gas  and  all  impurities  that  would  form  spongy  spots  have  ample 
time  to  rise  to  the  surface,  which  will  put  all  flaws  in  the  top  sur- 
face, where  they  will  not  weaken  the  test  bar. 

The  top  of  the  test  bar  should  be  marked,  so  that  it  will  always 
be  placed  in  the  testing  machine  as  it  lay  in  the  mould.  In  meas- 
uring such  a  square  bar  the  depth  can  always  be  distinguished 
from  the  breadth,  while  this  would  be  difficult  with  a  round  bar. 

A  liorizontal  mould  can  be  rammed  more  uniformly  than  if  ver- 
tical. The  Western  Foundrymen's  Association  appointed  a  large 
committee  to  investigate  this  subject  and  they  reported  that  in 
one  group  all  bars  cast  flat  were  perfect,  while  43  per  cent,  of  the 
round  bars  cast  on  end  were  defective.     In  another  group  18  per 
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mM  of   a    tent-bar  1    Inch  Bqoare  x   12    incb«;H    bctwce 
'b,  but  as  the  Hl2e  cast  la  not  recorded,  pooHibly  tbea 
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cent,  of  the  square  bars  east  flat  and  54  per  cent,  of  the  round  bars 
cast  on  end  were  defective. 

The  committee  of  the  American  Foundrymen's  Association  say 
that  a  round  test  bar  is  more  difficult  to  make  and  test  than  a 
square  bar. 

Professor  Woolson  of  Columbia  University  tested  the  followinir 
test  bars  of  Series  18,  Figs.  482  and  4o8.  All  bars  were  cast  1.13 
inch  diameter  from  the  same  ladle  and  were  turned  to  1.005  inch 
diameter,  and  were  tested  on  an  Emery  machine.^ 

Bound  Bars  Cast  Flat.     Tensile  Test 

Broke  at  25,000  lbs.  small  spongy  spot. 
t<      <(  oq  500    **        "  "  " 

Average  25,250   "  =  28,345  lbs.  per  sq.  in. 

Bound  Ba?'s  Cast  on  End.     Tensile  Test. 

Broke  at  14,600  lbs.  Bad  spongy  .«-pot, 

"      "  16,300  "  Bad  blow-hole. 

"      "17,400"  Blow -hole  half  through. 

"      "  20,200  "  Small  blow-hole. 

"      "  21,300  "  Small  shot  in  surface. 

"      "  22,400  "  Solid. 

"      "  22,5C0  "  Slight  spongy  spot. 

"      "  23,100  "  Solid.* 

"      "23,400"  Slight  spongy  spot. 

"      "  23,500  "  Solid. 

"      "  24,000  "  Solid.* 

Average  20,791'  "  =  28,340  lbs.  per  sq.  in. 

All  bars  except  ^'  had  a  larp;o  number  of  small  blow-holes 
in  the  turned  surfaces.  There  was  not  a  flaw  in  the  fracture  of 
any  of  the  large  number  of  square  test  bars  cast  flat  in  this  Series 
18. 

The  argument  for  a  round  bar  is  that  the  grain  is  more  uni- 
form, and  that  the  corners  of  a  square  test  bar  take  from  the 
strength  of  the  bar.  The  average  of  38  ])ars  each  of  American 
Society  of  ^Mechanical  Engineers  tests  (ID  .series)  gave  tran.-^verse 
strength  of  bars  of  1  inch  area,  square  2,301  i>ounds,  round  2,107 
pounds.  The  average  of  all  bars  1  inch  area  of  American 
Foundr>Tnen*s  Association  tests  {A  to  E)  gave  square  2,688,  round 
2,136  pounds. 

Keferring  to  Fig.  4r»2,  we  see  that  strength  (h'pend.s  largely 
upon  the  amount  of  metal  farthest  from  the  neutral  axis.     The 
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fibre  distance  of  a  is  .50  incli,  of  h  .685  inch,  but  the  small  por- 
tion that  was  stretched  most  gave  way.  The  fibre  distance  of  c  is 
.565  inch,  but  the  small  amount  of  metal  at  the  lower  corner  makes 
c  weaker  than  a. 

The  strongest  portion  of  the  test  bar  is  its  surface.  If  a  hole 
were  bored  lengthways  througli  a  test  bar,  it  w^ould  not  greatly  de- 
crease the  strength  of  a  test  bar. 
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Fig.  456 


The  large  square.  Fig.  455,  represents  the  end  of  a  block  of 
cast  iron,  9  inclies  square  and  18  inches  long.  T.  C.  2.84,  G.  C. 
.60,  Cd.  C.  2.24,  Silicon  1.10,  P.  .34,  S.  .09,  Mn.  .49. 

This  block  was  planed  into  nine  parts,  and  from  eight  of  these 
were  turned  test  bars  of  1  square  inch  area.  The  tensile  strength 
of  each  is  given  in  Fig.  455.  The  corner  is  9,070  pounds  stronger 
than  the  center,  and  the  comer  is  5,000  pounds  stronger  than  the 
middle  portion  of  the  side. 

This  is  also  shown  in  Fig.  450  by  compression  tests  of  J-incli 
cubes  taken  at  each  ^  inch  in  depth  from  a  3^-in  square  test  bar. 
The  centre  of  the  side  is  2,810  pounds  stronger  than  the  centre  of 
»'  ^ing.     It  i.s  upon  this  truss-like  distribution  of  close  grain 

iji.ii   wf  depend  for  .-strength.     See  r,  /  and  //  of  Fig.  452. 

For  the  grc-atent  strength  witli  the  least  metal  we  never  make 
a  cylindrical  casting, 
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TABLE    III. 
Suggested  Specifications  Based  upon  Existing  Pkacticr. 
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Chillinglron                   

Transverse  test-bara  cast  and  tested  1  in.  eq.  x  12  inches  long.  Tensile  test-bars  caet  1 .13  inch 
dlamt-ter  and  tested  as  cast. 

SUMMARY. 

A  variation  of  sizo  of  a  casting  oansos  a  groat  variation  in 
strength,  because  of  the  change  in  the  rate  of  cooling. 

A  variation  of  shape  of  castings  which  have  the  same  area  of 
cross  section  causes  a  great  variation  in  strengtii. 

It  is  very  difficult  to  calculate  the  strength  of  one  fonn  or  size 
of  test  bar  from  the  measured  strength  of  another  size. 

A  test  bar  should  be  cafst  horizontally  in  the  ordinary  way  and 
in  ordinary  sand  the  same  as  other  castings. 

I'hc  average  strength  of  at  least  two, test  bars  cast  together 
should  be  taken. 

The  distribution  of  metal  in  a  square  test  bar  gives  a  stronger 
casting  than  in  a  round  bar  of  the  same  area  of  cross  section,  and 
more  nearly  represents  the  ordinary  shape  of  eastings. 

A  test  bar  1  inch  square  is  the  size  and  shape  in  general  use. 

W(;  think  of  transverse  or  tensile  strength  as  so  much  per  square 
inch. 

DiscrssiON. 

3/r.  r/io.s.  /;.  irc.s/. — in  Mr.  Keep's  remarks  on  the  utility  of 
round  bars,  I  note  among  other  j)oints  which  can  be  criticized 
his  reference  to  the  report  «»f  tin-  Western  FiUindrymcn's 
Association  Committee   nn   defective   bars.     1    (h'sirc   to  sav   liere 
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ill  the  city  wlieir  tlio  tests  were  luado,  that  that  conmiittee, 
which  was  a  small  workiiiG,-  one,  and  not  ^'  large  ''  as  stated  by 
Mr.  Keep,  use«l  an  appliance  I  sent  them  to  make  their  round 
test  bars.  These  bars  were  to  furnish  records  of  the  strength, 
contraetiou,  ehill  and  fluidity  of  the  iron,  and  in  order  to  obtain 
all  of  these  factors  in  one  bar  a  design  of  flasks  and  patterns  was 
used  denuinding  a  little  of  the  moulder  in  the  man  who  should 
make  them.  As  ^Ir.  Keep  shows  in  his  abstract  of  the  report, 
the  fact  that  quite  a  number  of  the  flat  bars  ^vere  imperfect,  is 
evidence  that  the  casting  work  must  have  been  done  by  those  know- 
ing little  about  moulding.     This,  I  believe,  was  the  case. 

It  seems  strange  that  in  IMr.  Keep's  researches  to  discover  the 
utility  and  discuss  the  endorsement  of  round  bars  it  should  have 
t-^caped  his  notice  that  the  American  Foundrymen's  Association 
Conunittee,  which  cast  such  bars  in  groups  of  one  to  two  hundred 
in  different  shops  at  one  pouring  and  made  use  of  1,229  test  bars, 
ranging  from  half  an  inch  to  four  and  one-half  inch  in  diameter, 
weighing  about  fifteen  tons,  found  but  about  one-half  dozen 
deft^ctive  bars  in  the  whole  lot,  and  in  some  of  the  groups  not  a 
single  defective  bar  was  found,  thereby  demonstrating  that  round 
bars  offer  no  difficulties  in  obtaining  them  solid.  Pour  round 
test  bars  from  the  top,  which  was  not  done  with  those  cast  by 
the  Western  Fonndryinen's  Association,  and  there  will  be  no  diffi- 
culty in  obtaining  perfect  solid  bars. 

The  Committee  appointed  by  the  American  Foundrymen's 
Association,  as  well  as  that  of  the  American  Society  for  Testing 
Materials,  have  endorsed  the  adoption  of  the  round  bars  cast  on 
end  a.s  being  preferable'  to  a  square  bar.  The  latter  is  not  con- 
denined  because  of  its  reducing  the  strengtli  of  the  bar,  as 
stated  by  Mr.  Keep,  but  because  it  is  erratic  on  account  of  its 
corners  being  radically  affected  by  variations  in  dampness  of 
moulding  sands  and  the  temperature  of  metal  when  pouring.  The 
.^nialler  the  l)ars  the  worse  these  evils. 

Mr.  KdvHud  .J.  ChninhcvH.^ — I  entindy  agree  with  the  idea  of 
learning  all  we  r-an  by  the  analysis  of  the  pig  iron  that  we  use 
in  the  foundry  and  of  testing  it  mechanically;  bnt  I  cannot  say 
that  I  am  a  convert  to  the  use  of  ronnd  bars  in  preference  to  the 
re<;tan^lar  w-ctions.  As  you  know,  in  England  the  rectangular 
section  twoinch  by  one-inch  bar  has  been  a  standard  for  testing  for 
a  loD^  time,  and  when  yon  come  to  think  that  cast  iron  is  used 
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inore  in  that  fonn  than  it  is  in  the  round  form,  if  y<.ii  want  tho 
(»rclinary  conditions  rcprosentoil  in  a  test  bar  (nanicdy,  ri«::idity  of 
the  metal  whicJi  is  intended  to  bo  used  mainly  to  carry  a  burden 
either  as  a  girder  or  as  a  cohimn),  the  rectangular  section  has  a  con- 
siderable advantage  over  the  round.  I  notice  that  one  of  the  condi- 
tions of  the  round  bar  is  that  it  shall  be  cast  on  end.  That  strikes 
me  as  almost  giving  the  show  away,  because  if  you  are  going  to  cast 
a  round  on  end  (I  believe  it  has  to  be  at  least  15  or  IG  inches  long, 
as  it  is  12  inches  between  the  centers  of  the  supports),  you  are  pro- 
ducing a  totally  different  condition;  you  are  really  getting  a  con- 
dition of  things  in  the  test  bar  which  does  not  exist  in  the 
castings.  Added  to  which  the  remarks  in  reference  to  the 
strength  of  the  different  parts  of  the  test  bar,  the  corner  as 
against  the  centers,  it  seems  to  me  the  rectangular  bar  carries  out 
more  nearly  the  conditions  under  whieli  we  make  our  castings. 
I  should  be  very  sorry  to  cast  a  slight  upon  theoretical 
work  in  reference  to  the  foundry,  but  when  you  attempt  to  intro- 
duce an  international  specification  you  must  be  extremely  careful 
that  you  do  not  commit  the  error  which  has  been  committed  in  the 
past  by  non-experts.  I  suppose  when  we  look  at  the  spiH'itica- 
tions  which  are  put  before  us  by  some  so-called  professional 
men  in  reference  to  our  mechanical  work,  that  you  will 
agree  with  me  that  they  are  often  self-contradictory,  and  in 
many  cases  impossible  to  work  to,  and  as  soon  as  you,  as 
a  practical  engineer,  point  out  to  the  inspecting  engineer  the 
absurdity  of  some  part,  you  will  fin<l,  even  -if  he  d(M's  not 
tell  you  so,  that  it  was  ])nt  in  by  one  of  his  juniors  who  got 
it  from  a  text  l)0(»k,  or  else  he  tells  you  ])lainly  that 
you  may  do  what  you  think  best.  AVe  as  practical  men  must 
be  very  careful  that  we  do  not  commit  the  error  on  the  opposite 
side,  and  that  is,  make  a  specification  that  shall  bar  out  a  certain 
numl)er  of  grades  of  pig  iron  which  an*  most  useful  in  manu- 
facturing. I  can  s:iy  iliis  from  experience  in  wrought  iron,  and 
with  regard  to  cast  iron,  the  sain(»  argument  would  hold  gornl,  that 
there  are  many  ]»ig  inms  which  by  peculiar  composition  and  mix- 
ture, will  give  a  far  better  result  in  a  casting  than  if  you  laid 
down  a  definite  rule  that  each  j)articular  iron  shall  be  of  certain 
analysis.  It  is  that  point  that  I  wanted  to  guard  against.  We 
might  do  a  great  deal  of  harm  by  barring  certain  irons.  We  must 
see  that  the  iron  is  properly  mixed;  you  must  not  leave  the  mixing 
of  the  iron  entirely  to  the  men. 
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I  will  say  further  that  tlio  testing  of  cast  iron  test  bars  is  not 
to  obtain  resilience  of  the  metal  ^vhich  has  i)ractically  to  be 
avoidiil  in  castings,  but  the  stiflFiiess  of  the  metal  which  is  the 
main  purpose  of  all  castings.  A  test  bar  2  inch  by  1  inch  must 
of  necessity  be  tested  with  the  greater  dimension  vertical,  as 
otherwise  it  would  be  no  different  in  result  to  the  1-inch  square 
bar  per  inch  of  width.  The  main  reason  for  testing  in  tliis  way 
is  that  in  all  castings  for  girders  and  similar  work  the  metal 
is  arranged  relatively  in  this  way,  that  is,  of  greater  depth  than 
width. 

Mr.  L.  TF.  Crosfa.^ — ^It  seems  to  me  the  form  of  bar  is  not 
so  well  known  in  America  as  in  England.  If  we  are  making 
special  work,  we  are  requested  to  cast  bars  with  the  same  mixture 
of  metals  as  the  castings,  and  generally  2  inch  by  1  inch  by  3  feet 
G  inches  long,  and  which,  when  supported  at  3  feet  centers,  must 
bear  a  weight  of  27  to  32  cwts.  at  the  center  between  the  supports 
without  breaking.  AVith  reference  to  torpedo  and  cylinder  work, 
we  always  cast  these  "  on  end,"  and  the  test  bar  is  required  to  be 
cast  on  the  casting,  which  the  inspector  himself  generally  knocks 
off,  and  after  being  machined  to  his  requirements,  he  takes,  or 
sends  it  away  for  an  independent  test.  The  form  of  the  bar  does 
not  trouble  us  in  England. 

^fr.  Harrington  Emerson. — About  a  year  ago  I  was  called  to  a 
large  concern  to  advise  them  as  to  economies  that  might  be 
effected  in  their  shops.  In  looking  over  their  foundry,  which  was 
under  the  management  of  a  very  skilful  man,  I  told  the  owners 
frankly  that  it  did  not  seem  to  me  that  I  would  be  able  to  effect 
any  improvement  at  all.  Going,  however,  into  the  machine  shop 
and  taking  time  records  of  operations  there  it  suddenly  developed 
that  we  were  experiencing  very  great  losses  owning  to  the  variable 
quality  of  the  iron  that  came  from  the  foundry.  We  had  records 
of  the  time  in  which  certain  machine  operations  could  bo  carried 
out,  and  we  found  that  we  fell  very  much  behind  on  tliese  solely 
owing  Uj  the  cpiality  of  the  iron.  We  found  that  the  average  poor 
iron  increased  the  expen.se  very  greatly.  This  foundry  cast  about 
ten  ton«  a  flay,  and  we  foimd  we  would  be  al)h;  to  effect  a  saving  of 
$1S,000  a  y^'ar,  if  the  iron  were  uniforndy  good  instead  of 
variable  as  it  was.  In  fact,  the  price  of  iron  coming  from  the 
foundry  was  increased  about  $10  a  ton  owing  to  the  extra  labor 
that  had  to  Ix;  put  on  it  on  account  of  its  variable  quality.     It 

*  Member  of  the  Institution  of  Meclianical  Engineers. 
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therefore  appeared  that  instead  of  being  the  department  in  which 
nothing  was  to  be  done  the  foundry  was  the  place  in  which  a  very 
great  deal  could  be  saved.  Xot  being  a  foundryman  I  began  to 
look  around  to  see  where  I  could  find  help.  I  went  to  Detroit  and 
hunted  up  Mr.  Keep,  and  told  him  my  troubles  and  asked  him 
what  I  was  to  do.  He  very  kindly  gave  me  some  of  his  tables,  the 
result  of  his  many  studies,  and  I  went  back  to  the  foundry,  and, 
using  the  tables  and  methods  that  he  had  given  me,  we  were  able 
almost  immediately  to  secure  an  absolutely  uniform  product  of 
iron,  not  only  then  but  regularly  thereafter.  I  do  not  know  what 
I  would  do  in  bettering  foundry  product  if  I  could  not  turn  to 
Mr.  Keep^s  tables,  and  to  the  specifications  that  Mr.  Keep  has  pro- 
posed, and  I  desire  to  take  this  occasion  to  thank  him  for  what 
he  has  done  to  help  those  whose  experience  is  so  much  less  than 
his  own. 

Mr.  ir.  J.  Keep. — I  may  say  that  the  American  Waterworks 
Association  has  adopted  a  bar  2  inch  by  1  inch  deep  and  2  feet 
long.  I  notice  that  the  English  bar  is  always  three  feet  long,  and 
is  tested  edgewise,  the  two  inches  being  in  the  <k'pth.  1  have 
wondered  why  that  was  done,  and  I  have  wondered  whether  the 
testing  on  edge  was  not  rather  to  carry  the  impression  that  tjie_ 
iron  was  a  very  strong  iron. 

President  Wicksteed.^ — Has  it  anything  to  do  with  the  amount 
of  deflection?  With  tlie  elasticity  of  X\\v  materials  Does  it  give 
you  any  more  severe  test  as  to  the  stretching  ])ropcrties  and  com- 
pressive properties  of  the  material? 

Mr.  W.  J.  Keep. — I  think  not.  I  do  not  think  it  wouhl  be  of 
any  advantage.  The  only  thing  is  that  it  gives  you  a  very  much 
higher  strength  per  square  inch. 

*  Member  of  tbe  Insiitutiou  of  3IecbaDic«l  Engineers. 
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TIIF    POTEXTIAL   EFFICIENCY   OF    PRIME    MOVERS. 

BT    C.    V.    KERR,    NKW   YORK,   V.    T. 

(Member  of  the  Society.) 

1.  A  water  wheel  is  credited  with  an  efficiency  depending  upon 
the  proportion  of  the  potential  energy  of  the  waterfall  available 
that  is  converted  into  mechanical  energy.  Questions  as  to  height 
of  source  or  subsequent  fall  to  sea  level  are  not  considered.  A 
wlieel  located  midway  on  the  length  of  a  river  is  charged  with  a 
certain  volume  of  water  per  second  falling  from  the  level  of  the 
forebay  to  that  of  the  tail  race.  The  source  of  the  river  may  be 
in  the  mountains  hundreds  of  feet  above  the  forebay,  and  the 
tail  race  may  be  many  feet  above  sea  level.  That  is  the  result  of 
conditions  imposed  upon  the  engineer,  and  not  the  fault  of  the 
wheel. 

2.  Steam  expanding  adiabatically  works  at  the  expense  of  its 
own  heat  energy.  From  the  initial  condition  as  to  pressure,  mois- 
ture or  superheat,  expansion  to  the  pressure  of  the  exhaust  ren- 
ders available  for  conversion  into  work  an  amount  of  heat  which 
is  constant  for  each  set  of  conditions.  This  amount  fixes  the 
limit  to  the  economy  of  the  engine.  Whether  the  boilers  could 
generate  steam  at  higlicr  pressure,  with  less  moisture  or  more 
siijKTlieat  and  the  piping  system  deliver  the  steam  to  the  engine 
with  smaller  losses,  or  whetlier  tlie  condensing  apparatus  could 
maintain  a  liigluT  vacuum  are  (piestions  akin  to  tiie  fall  of  water 
at  tlie  wlieel,  and  are  asidi;  from  the;  ])erformance  of  the  engine 
as  a  prime  mover.  It  works  between  limits  set  by  the  designer 
of  the  power  plant  to  meet  existing  conditions,  and  is  not  properly 
r-harpeable  with  what  might  have  been  don(i  under  different  con- 
ditions. 

3.  The  examination  of  a  number  of  tests  with  this  thought  in 

^TrtrnftiXfA  at  tlie  Chira^o  mf;etln^  (Mny  an<l  .Tiino,  1004)  of  the  American 
Hoefety  of  Mechanical  EngineerM,  and  forming  part  of  Volume  XXV.  of  the 
TrOffiMoclUm*. 
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mind  has  brought  out  enough  matter  of  interest  to  make  it  appear 
proper  to  present  the  subject  for  discussion.  The  term  '*  poten- 
tial efficiency  "  might  be  replaced  by  "  kinetic  efficiency  "  when 
a  De  Laval  steam  turbine  or  a  Pelton  wheel  is  under  considera- 
tion, or  it  may  even  be  thought  tliat  a  new  term  is  unwarranted; 
but,  on  the  whole,  the  one  presented  has  ai)peared  admissible  and 
most  expressive. 

/.    Water  Wheels. 

4.  The  efficiency  of  a  water  wheel  is  easily  expressed  and  easily 
comprehended.  If  the  height  of  fall  is  H  feet,  and  the  flow  in 
cubic  feet  per  second  is  Q,  the  energy  per  second  is  02.3  Q  H : 
and  if  B  is  the  brake  horse-power  developed,  the  work  done  per 
second  is  550  B  foot  pounds.    Then  the  potential  efficiency  is 


p  ^  650  B^ 
~G2:3  QH 


(1) 


5.  In  Table  I  are  given  the  results  of  a  number  of  tests  on 
water  wheels  and  the  efficiencies  are  expressed  in  the  usual  wav. 

TABL?:  I. 
Potential  Efficiency  or  Wateh-Wiiekls. 


Head  In 
Feet. 

H. 

Cnbic  Peet 

of  Water 

per  sec. 

Q. 

R.  P.M. 

51 .  06 

4(1.07 

63.5 

63.38 

.M3.0 

210. 
69.1 

140.62 

144.5 

250. 

450. 
430. 

im.2 

890. 

r<»wKR. 

1 

I'otrntial 
1  EfflciciicT 

Namk  or  Wheel. 

Available 
V.  H.  P. 

DcTelopcd 
B.  n.  P. 

1         '" 
percent. 

P. 

1 

Tr»inoiu 

12  903 
13.33 
16.6 
16.59 
5.12 
570.84 
12.17 
16.96 
11.65 

135.113 

658. 

1019. 
164  2 
425. 

138.19 

112.56 

147.1 

113.46 

45.66 

6  S4 

162.54 

88.33 

45. bO 

447.8 

10  62 

5.441 
0.887 
2.47 

2'>2  2 
170.2 
277.0 
213.1 

26.48 
440.9 
227.7 
169.7 

GO.  62 

6864 

793. 

11S6. 
16.5 
157. 

160  5 
135.6 
222.04 
131.49 

IS. OS 
836.8 
190.2 
14,-).  72 

52.54 

53,r). 

Klcotric 
5500. 

Brake 

611. 

643.       ' 

982. 
1028. 
15.05  ' 

11^  '.» 

79.4 

Booth 

Hovden   

79.8 
80.2 

Collins 

K5.1 

Haonel 

Tanpeutial 

Swain 

68  3 
76  4 
83  6 

H<'rrnl<'s     

85.8 

Victor  

86  8 

Faesch  \ 

Picard 

Pelton 

77  85 

80.26 

77.0 
81.0 

Pelton 

C'a.srade 

Cenlrifufi:»I  Pump.' 

KM 
86  2 
91  0 
76.0 
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Data  for  most  of  the  wheels  were  obtained  from  Professor  Wood's 
"  Theory  of  Turbines/'  and  some  of  the  tests  were  made  at  the 
Holyoke  testing  tiunie.  The  data  for  the  Pelton  wheels  were  fur- 
nished bj  Mr.  llcnry,  chief  engineer  for  the  Pelton  Water  Wheel 
Company.  The  Cascade  wheel  is  a  form  of  impulse  wheel  tested 
under  the  direction  of  Professor  Hitchcock  of  the  Ohio  State 
University. 

6.  The  results  show  the  usefulness  of  the  guide  and  vane  type 
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Potential  Efficiency  of  Water  "Wheels* 
Fig.  457. 
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of  whfol  for  low  heads  and  the  reinarl<a1)le  effi(U(^ncy  of  the  nozzle 
and  liuckot  type  under  high  heads.  The  test  on  the  centrifugal 
pump  is  added  to  indicate  the  growing  effectiveness  of  modem 
high  lift  pumps. 

7.  In  Fig.  457  curve  .1  represents  a  series  of  tests  with  different 
gate  opf'nings  on  a  Boyden  outward  flow  tnrl)iii('  niid  on  a  Booth 
inward  flow  turbine.  Curve  B  is  for  a  Collins  ])arallel  flow  wheel. 
Curves  C  and  D  are  for  inward  and  downward  flow  turbines,  the 
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"  Swain  "  and  "  Hercules ''  respectively.  Curve  E  is  for  a  Pel- 
ton  wheel  coupled  to  a  750  kilowatt  generator,  and  operating  under 
a  nominal  head  of  1,960  feet,  which  is  reduced  by  friction  to  about 
1,920  feet  in  service.  The  speeds  are  430  revolutions  per  minute 
and  170  feet  per  second  at  the  rim.  The  regulation  is  by  a  de- 
flecting needle  nozzle,  which  accounts  for  the  shape  of  the  curve 
as  compared  with  the  others.  The  output  was  mea^iured  elec- 
trically, and  the  known  efficiency  of  the  generator  was  used  to  re- 
duce results  to  brake  horse-power  for  comparison. 

//.  Stearii  Engines. 

8.  The  heat  equivalent  of  a  horse-power  hour  is  33000  x  60 
-4-  778  =  2545  B.  T.  U.  Then,  if  Ih  is  the  initial  total  heat 
of  the  steam,  H^  the  final  total  heat  after  adiabatic  expansion, 
and  IF  the  weight  of  steam  per  horse-power  hour  by  result  of  test, 
the  potential  efficiency  is 

^.54.5 

w{ii,-ii,) ^^^ 

9.  If  the  steam  is  wet  saturated,  the  initial  total  heat  will  be 
Hi  =  x^  Vi  +  ^1  in  which  Xi  is  the  proportion  of  one  pound  vapor- 
ized, 7\  is  the  lat<?nt  heat  of  evaporation  and  'ji  the  heat  of  the 
liquid.  Since  the  expansion  is  to  be  adiabatic  no  heat  is  trans- 
mitted to  the  expanding  steam  and  the  entropy  remains  constant. 
In  symbols 

^J  +  ^'i  =  ""^  +  «. (3) 

in  which  1\  is  the  initial  absolute  temperature,  or  temperature 
Fahrenheit  +  460,  and  ^^  is  the  entrojjy  of  the  li<|ui<l.  A  work- 
ing idea  of  the  nature  of  entropy  may  be  gained  from  the  torni 

'-^     whicli  expresses  the  quotient  of  the  heat  put  into  the  steam 

during  vaporization  divided  by  the  absolute  temperature;  and  the 
term  ^i  is  not  esentially  different,  except  that  as  the  s|>ociHc  heat 
of  water  is  not  constant  and  the  heat  is  put  into  the  fee<l  water 
at  a  changing  temperature  the  numerical  value  of  ^i  is  obtiiined 
by  integration.  Hence,  for  present  purposes,  entropy  may  W  de- 
fined as  the  heat  measured  in  British  thermal  units  absorbed  or 
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expended  |x^r  deiicree  absolute  bv  the  steam  during  a  given  change. 
Then  from  equation  (3)  the  quality  of  the  steam  at  exhaust  will  be 

■'3=5(^  +  ^'-^^) w 

and  the  final  total  heat, 

/A  =  .r,  r,  +  q,=  T,  (^-^l^^  +  e  -6^  +  <72    .     .     .     (5) 

10.  After  finding  in  this  way  the  values  of  i/i  and  II2  substitu- 
tion in  equation  (2)  deteraiines  the  potential  efficiency  for  given 
conditions.  The  symbols  ^2?  ^2  and  ^2?  express  the  absolute  tem- 
|)erature,  entropy  and  heat  of  the  liquid  in  exhaust.  The  values 
of  entropy  for  steam  and  water  are  conveniently  obtained  from 
such  books  as  Professor  Peabody's  "  Tables  of  Saturated  Steam  " 
or  Professor  Reeve's  ''  Thermodynamics  of  Heat  Engines." 

11.  A  word  of  caution  may  be  timely  here.  On.  condensing 
work  the  vacuum  is  usually  stated  in  inches  of  mercury  whether 
measured  by  the  gauge  or  by  a  mercury  column.  For  the  vacuum 
a.s  triven  by  a  s})ring  gauge  a  foreword  of  caution  is  proper — such 
gauges  are  seldom  right.  But  if  the  vacuum  is  measured  by  a 
mercury  column,  as  it  should  be,  there  still  remains  the  question 
of  the  actual  absolute  pressure  and  temperature  in  the  condenser. 

If  the  mercury  column  reads  28  inches  with  the  barometer  at 
29.8,    the   absolute   pressure   in   the   vacuum   is    1.8    inches   or 

1  8 

14.7^^-^  =0.491  X  1.8  =  0.885  pounds  per  square  inch.     The 

steam  tables  show  the  corresponding  temperature  to  be  98  de- 
grees Fahr. ;  while,  if  the  barometer  stood  at  30.4,  the  pressure 
in  vacuum  would  be  0.4tH  x  2.4  =  1.18  pounds  with  a  tempera- 
ture of  107.6  degrees  Fahr.  This  would  make  a  serious  difference 
in  the  amount  of  heat  made  available  for  conversion  to  work  dur- 
ing adiabatie  expansion  to  exliaust  pressure. 

12.  If  the  steam  is  superheated,  the  initial  total  heat  will  be 
//,  =  c,  (A,  —  /,)  +  rj  -H  «yi  =  Ci*,  -\-  Ai,  where  Cx  is  the  specific 
heat  of  guperheated  steam  at  the  initial  pressure,  s  the  degrees  of 
superheat  and  /ii  the  initial  total  heat  of  dry  saturated  steam.  And 
the  entropy  equation  will  be 
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T  f  T       r  \ 

from  which,  o:,  =  — ^(^c,  log,  _*  -f-  ^+  ^i  -  ^,j (7) 

and  the  final  total  heat, 

H,  =  X, r   +  q,  =  T,(^c,  loge  ^  +  ^'  +  ^,  -  e}j  +  q,      .     (S) 

in  which  T,  is  the  ab?oliitc  temperature  of  the  steam,  log^  is  tlie 
hyperbolic  logarithm  and  the  other  quantities  are  as  before.  The 
available  heat  is  determined  by  /A  ~  ^A- 

13.  Some  uncertainty  attaches  to  the  value  to  be  used  for  c  the 
specific  heat  of  steam  at  the  various  initial  pressures  and  tem- 
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poraturos.  Enoiigli  has  been  done  to  make  it  certain  that  the 
value  OAS  establisheil  by  Regnault  for  steam  at  atmospheric  press- 
ure does  not  apply  to  high  pressures  and  superheats.  Referring 
also  to  Fig.  458,  in  the  entropy  diagram,  the  curve  for  water  ap- 
proaches and  finally  meets  the  dry  steam  curve  at  the  critical  point 
for  aqueous  vapor.  Accurate  plotting  on  a  large  scale  fixed  this 
point  at  975  degrees  Fahr.,  which  is  quite  near  the  theoretical 
value.  Since  the  specific  heat  of  water  is  known  to  increase  with 
temperature,  it  may  be  inferred  that  the  specific  heat  along  the 
dry  steam  curve  will  also  increase  with  temperature  and  finally 
equal  the  specific  heat  of  water  at  the  critical  point. 

14.  On  the  basis  of  0.48  at  atmospheric  pressure,  some  data 
furnished  by  Professor  Jacobus  for  steam  near  80  pounds  gauge 
and  the  conclusion  of  Professor  Bach  that  experiments  should 
show  a  value  close  to  0.6,  the  curve  of  specific  heat  above  abso- 
lute pressure  in  Fig.  458  was  constructed,  using  the  value  0.6  for 
200  pounds  absolute.  Later  researches,  although  inconclusive  and 
somewhat  discordant  as  to  results,  support  the  general  correctness 
of  this  assumption.  Since  the  function  is  a  straight  line  above 
atmospheric  pressure,  it  may  be  represented  by  the  equation, 

6'=  0.48  4- 0.00065^ (9) 

Where  p  is  the  gauge  pressure.  Below  atmospheric  pressure, 
the  function  becomes  a  straight  line  if  referred  to  temperature  as 
a  base  with  Ilims  value  of  0.43  at  32  degrees  Fahr.  and  Keg- 
nault's  0.48  at  212  degrees  Fahr.  It  may  be  represented  by  the 
equation, 

C  =  0.43  +  0.00028  {i  -  S2) (10) 

where  t  is  temperature  Fahrenheit. 

15.  If  the  specific  heat  increases  with  the  ])ressure  and  for 
any  given  pressure  also  as  the  amount  of  superheat,  a  conclusion 
afiparcntly  justified  by  researches  already  made,  it  may  be  sug- 
gerU'd  here  that,  within  the  region  on  the  entropy-temperatun; 
diagram  likely  to  be  oc.cMp'wA  by  working  steam,  the  specific  heat 
inav  Ix?  ref)re.-ented  by  the  equation, 

C=  a  -\-  hp  +  fs (11) 

Where  a  =  0.48,  h  is  the  increase  in  specific  heat  of  dry  saturated 
vajKir  at  gauge  pressure  p,  and  e  is  the  average  increase  in  specific 
heat  at  con.-:tant  pressure  for  an  amount  s  of  superheat  in  degrees. 

16.  After  the  foregoing  discussion   but  little   explanation   is 
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thought  to  be  needed  for  the  tables  and  curves  which  follow. 
The  computations  necessary  are  applications  of  equation  (2)  to 
(10).  The  data  used  were  obtained  from  en<,^ine-builders'  cata- 
logues, reports  of  tests  published  in  engineering  journals  or 
directly  from  the  parties  concerned.  In  some  instances  where 
barometer  as  well  as  vacuum  readings  were  not  given,  some  in- 
justice one  way  or  the  other  may  be  done  in  comparing  efficiencies. 


TABLE  II. 
Potential  Efficiency  of  Steam-Engixeb. 


Tyi'e. 


Stkam. 


s 

at 
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Donble  Vertical  Sin- 1 
ji^e  Acting \ 

Vertical  Single  Act-  (_ 
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120 
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u  ■•-> 

sec 


=  S 
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350 
3G6 


Vertical  Three  Cyl- *    18^1.6  381.5 
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Tundem  Comp'd.  f 
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Ilori/oiital  Tandem  j 
Compound i 
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tianhion  I'uniping  ; 
ingine,7»<>l  ll.P.  ) 

CroHB  Compound  ( 
CorllHH ( 

CroHH  Componnd  | 
CorliKH \ 


126 
110 


158     369 


353 
844 


140 
157.3 

140 

IM 
188 

132.2 

128. « 
131.0 

155 

145.1 
142.4 

151.3 


360 ; 

369 

360 

381 
382.7 

.'i56.6 

■■f)4 .  H 
356.2 

:UA.2 
;161.8 

3«i«.2 


F. 
0 

o! 


288 
0 

219 

0 

197 

295 


381 

0 
223 

0 
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SlU 
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25.19 
27.25 


Lf>g.  \B.T.V. 
26.19      147.8 


21.9 
18.1 

20.0 


12.24 
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17.7 
29.7 
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26.14 

27.5 
27 

28.87    8.97 


25.4 

26.25 

28 

27.9 
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27.8 


17.2 
10.4 


8.96 

11.67 

8.97 

12.06 
11.00 

8.86 


26        11.38 


0     25.84  18.84 
374.5  28.79!  9.58 


28.6812.1 


159.6 
285.5 

178.2 


286.9 
315.3 

211  8 
168.1 

3«)1.0 

313.6 
344.1 

370.1 

852.9 

305.7 
8y2.1 

815.7 
.130.6 
884.7 

279.0 
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887.1 

8S8.0 


P.  C. 

65.8 

72,8 
58.0 

78.5 


78.5 
67.6 

68.0 
51.0 

60.0 

47.0 
71.0 

76.7 


80.5 

72.0! 
72.3 

67.  o| 
711.0 


NOTKB. 


7i.7| 

80.8 

66.8 
68.8 

68.8 

<  20  X  IG  WeHtinphoiiw  Standard, 
■(      2.'i7I.  H.  I*      Simp  tot. 
tl4>it24  X  14  We.xtinghoiifio  Com- 
■/      pound.  170  I.  H. p.    Shop  tent. 

il7&v.'4  X  24  We««tinghuuf»e Com- 
pound. Itated  (Hn)  I.  II.  p. 
iShaft  governor.  Shop  tert. 
r43  5  &  2  -  73.5  .  f,*)  Cx  linden*. 
I  I.  H.  P.  .').3I0.  Econ.'mic  rat 
\     Ing  4.9<W-.'>.5UO  I.  H.  V.     New 

York  E<ll(*on  Waterside. 
^  Trialh  ".A"  and  "<\"  by  Prof. 

Kwing.  at  Shefflrld,  England. 
/     Schmidt  SvNtem. 
«  Trial  by  Pru'f    Kw  ing.  nt  Knock- 
(      long.  Inland      to  111    ]'. 
\  Trial  bv  Prof.  Ewini.'.al  .MiWdle- 
»      polder.  Am.     125  IM  I    H    p 
»  Trial  by  Prof.  Lewirki  on  Thale 
(      Ktigino.    ;».')7.C  I    H    I', 
^OfthiaJ.  Trial.      1.045    I    n    P. 

Schmidt  £ngin<-,     Pabiuilce, 
i     Poland. 

»  8,000  I.  II    P.    Hated     .K»^«  F^g. 
I      \rH»,  Oct.  t.  1WJ2. 

\  Van    den     Kenhovf     Kngine. 

■       Te-trd  bv  Pn)f   Sthmter.    2tU 

i     I    H    P.  ' 

t  20  M.  lial.  Snow  Pumc       Tent 

t      by  Prof.  Gopn,  ut  lndiana|Milb 

/      Water  Workn. 

I  Hire.V  Snr;.'fnt  Engine     TmImI 

-       by    Pr   •       '        '  .It    Mill 

f      bnnrii' 

i  Rice  A  >     .  Tc»le«I 

J      by   Pmf    .iacoliiii    fur    Ainrr. 

I     Sugar  Kvf  (  o  .  Itrrxiklyn. 


17.  From  TalJc  II  it.  will  be  scm  (1)  that  simple  engines  with 
a  relatively  high-water  rate  may  stand  wtll  when  coniparod  on 
the  basis  of  the  proportion  of  available  heat  converted  into  work; 
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(2)  tliat  engines  built  to  use  superheated  steam  increase  in  poten- 
tial etfioieucy  with  the  amount  of  superheat. 

18.  The  effeet  of  size  on  eeonomy  is  very  Avell  shown  by  the 
curve  in  Fiir.  ■i">0.  The  two  curves  in  Fig.  460  make  it  appear  that 
an  engine  built  to  run  either  condensing  or  non-condensing  may 
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Potential  Efficiency  of  Westinghotise  Standard  Engines*         Am.Bank  A-ote  co. 
Fig.  459. 


have  not  only  a  higher  water  rate,  but  also  a  higlier  potential 
effifioncv  on  non-condensing  work. 

111.  The  lower  curves  in  Fig.  401  show  that  for  an  engine  rated 
at  5,200  in<licat»*d  horse-power  and  running  under  the  same  con- 
ditions of  fitcam  pressure,  load  and  vacuum  a  rcheater  is  a  little 
worw.'  than  useless.  The  up|)er  curve  passed  through  groups  of 
test.H  with  similar  loads  and  pressures  shows  increasing  efficiency 
for  the  higher  back  pressure.  It  also  presents  a  means  of  estimat 
ing  the  water  rate  for  conditions  other  than  those  of  the  tests. 
Thus  in  this  case  the  contract  calh  d  for  a  water  rate  of  12.5 
pounds  per  indicated  horse-power  with  rated  load,  dry  steam  at 
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tfirr.  c.  r.  J 20   Gauge,  25"  Vacuum.  ^..b-u  /m.  ewjr. r 

Fic.  4^)0. 


175  pounds  gauge  and  a  vacuum  of  27  inches  referred  to  nonnal 
atmospheric  pressure.  The  avaiLible  heat  under  adiahatic  expan- 
sion is  313.2  British  tliermal  units  p(  r  pound  of  steam.  Hence 
the  water  rate  at  the  contract  vacuum  where  tlie  potential  effi- 
ciency is  0.66  shouhl  be  IV  =  2545  --  313.2  x  0.G6  =  12.3  i)ounds 

20.  The  curves  B,  Fig.  462,  give  tlie  performance  of  a  16  A'  30 
X  42  cross  compound  Corliss  conthnsing  engine  running  at  120 
revohitions  jxr  minute  between  120  jx)unds  gauge  an«l  26-inch 
vacuum.  AUhough  rated  at  400  indicated  horse-power,  it  wn.s  de- 
veloping only  100  horse-])ower.  In  comparison  with  this  is*  tlie 
pair  of  curves  C  for  the  Van  der  Kerchove  engines  tested  by  Pro- 
fessor SchnUer  under  full  load.  The  Bteam  pressure  was  131 
pounds  gauge  and  the  vacuum  27.8  inches.  Both  pairs  of  curves 
are  practically  straight  lines,  and  show  a  continuous  increase  in 
efficiency  with  tlie  amount  of  superheat. 

21.  The   \'an  der   K'crcliovr'  engine  was  also  tested  with  satu- 
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rated  and  f^upcrlieatcd  steam  under  varying  load,  and  the  results 
are  plotted  in  eurves  .1  and  B,  in  Fi^.  4f>'>.  It  will  be  noted  tliat 
the  curves  are  closely  parallel,  althongh  the  lower  one  is  slightly 
the  flatt^^fr.  Curve  C  is  for  an  engine  of  the  same  type  to  be  de- 
ftipnod  and  built  for  other  conditions.  Based  on  results  obtained 
w\\\i  tlir-  engines  already  built  an  efficiency  of  Go  per  cent,  on  indi- 
i  i.'.r-f;-power  is  assumed  for  the  new  engine.  The  available 
heat  IB  352  British  thennal  units  per  pound,  the  mechanical  effi- 
ciency of  the  engine  is  taken  at  0.92  and  of  the  generator  at  0.97. 
Then  the  steam  consumption  per  E.  11.  P.  hr>ur  at  best  load  will 
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be  ]y  =2,r)4r)  -^  352  X  0.03  X  0.92  x  0.07  =12.S  pounds.  Tlii.-* 
locates  iMjint  D  tlin)iiij:li  wliicli  ciirvo  C  is  drawn  parallel  to  A 
and  Ji. 

III.  Steam   Turbines. 

22.   Tliis  form  of  prime  mover,  nominally  older  than  tlie  Chri?- 
tian  era,  has  in  the  last  score  of  years  taken  on  a  very   rapid 
60 
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growth.  Tlie  present  size  of  units  being  built  is  a  matter  of  com- 
mon knowledge.  The  results  of  oareful  tests  on  sizes  already  in 
service  are  given  in  Table  TIT.  For  the  purpose  of  comparison 
mth  the  performance  of  steam  engines,  the  efficiency  is  based  on 
the  corresponding  indicated  horse-power.  The  mechanical  effi- 
ciency is  taken  at  0.00  and  the  generator  efficiency  at  0.05,  which 
combines  at  85.5  per  cent.  This  is  not  high  enough  for  large  ver- 
tical units,  but  probably  quite  correct  for  a  general  comparison. 

TABLE   III. 
Potential  Efficiency  op  Steam  Turbines. 
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*  Result fl  of  tests. 


23.  As  in  steam  engines,  the  efficiency  increases  with  the 
amount  of  superheat;  but  sufficient  data  are  not  at  hand  to  prnnit 
the  j)lotting  of  curves  like  those  in  Fig.  4<>l\  .\n  interesting  tpies- 
tion  is  raised  in  the  jicrformance  of  a  200  kil(»watt  steam  turbine 
:it  full  load  with  constant  steam  pressure  an<i  varying  vaeuum. 
While  the  water  rate  decreases  continuouslv  the  effieien<*v   ai>- 

%f  •  I 

pears  to  pass  a  maximum  at  1 1  inches  vacuum,  as  sliown  by  tlie 
curves  in  Fig.  404.  A  icnson  fnr  this  may  be  found  in  the  raj)i»lly 
increasing  amount  of  heat  avaihible  as  the  vacuum  rises.  This 
fact,   together  with   the   increasing  cost  of   maintaining   u    liigh 
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vacuum,  mav  bo  expected  to  locate  some  point  which  gives  the 
luinimum  yearly  total  cost  of  power. 

1 V.  Heat  Efficiencies. 

24.   An   extended  discussion  of  all  heat  efficiencies   proposed 
or  current  seems  unnecessarv.     The  Committee  of  the  Institu- 


*'  Westinghouse  Steam  Turbine.  200  K.W.  Full  Load.  Saturated 

Steam,  150  lbs.  Gauge.  Variable  Vacuum  ^m./;„„*  a„,,  co.,.v  k 

Fio.  464. 

tion  of  Civil  Engineers  defines  "  tliermal  efficiency  "  as  the  pro- 
jKirtion  of  heat  utilized  to  heat  sui)pli('(l;  and  they  also  define  an 
"  effifiency  ratio  "  as  the  })ri)poriion  wliich  the  thermal  efficiency 
Inars  to  the  efficiency  by  the  JJankine  Cycle.  In  Volume  XXIV., 
p  755,  Transactions  American  Society  of  ^I(;chanical  Kngi- 
,  the  thermal  efficiency  ratio  is  the  proportion  which  the 
heat  equivalent  of  the  fK>wer  develof)ed  bears  to  the  total 
amount  of  heat  actually  consumed  as  determined  by  test.     In 
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a  recent  magazine  article  Professor  Rateau  explains  the  term 
"  global  ^'  efficiency  as  the  combined  efficiency  of  turbine  and 
dynamo  as  measured  by  the  ratio  of  the  actual  consumption  of  the 
engine  to  the  theoretical  consumption  of  an  assumed  perfect  en- 
gine. Doubtless  a  common  idea  underlies  all  this.  The  purpose 
of  this  paper  is  to  give  such  an  idea  more  definite  form  and  a 
characteristic  name. 

DISCUSSION. 

M?\  Sidney  A.  Beeve. — ^Ir.  Korr's  paper  is  to  b(^  regarded  as 
one  of  great  interest  and  importance.  The  writer  has  frecpiently 
met,  in  past  years,  expressions  from  engineers  (^f  a  desire  for  an 
efficiency  percentage  which  should  mean  something.  An  effi- 
ciency percentage  is  generally  understo<Kl  to  mean  the  portion 
of  what  a  machine  ought  to  do  which  it  actually  does  do.  Thi^ 
the  thermodynamic  efficiency  plainly  is  not.  To  tell  a  man  that 
the  efficiency  of  a  certain  engine,  for  instance,  is  7  per  cent,  im- 
parts to  him  no  infonnation  as  to  the  worth  of  that  engine  nnless 
there  go  with  it  a  mass  of  other  (hita  wliich  will  enable  him  to 
figure  out  that  the  engine  might  ])ossil)ly  have  attained  a  thermo- 
dynamic efficiency  of,  say,  14  ])er  cent.  From  this  secondary  step, 
sup})osing  that  he  carries  with  him  the  technical  familiarity  witli 
such  work  to  enable  him  to  take  it,  he  may  draw  the  coiudasion 
that  the  engine's  perfonnance  is  really  one-half  of  what  it  might 
have  been;  or,  in  fact,  that  its  true  efficiency  was  50  instead  of  7 
per  cent. 

It  is  this  true  statement  of  the  engine's  actual  performance  in 
])ro|H)rtion  of  what  it  might  have  donc^  which  Mr.  I\err  calls  \\a 
potential  efficiency.  For  his  excellent  work  in  seeking  the  intro- 
duction of  the  habit  of  using  this  value  as  an  indicat-or  of  the 
worth  reveal(Ml  by  every  engine-test  we  all  of  us  owe  him  cordial 
gratitude.  With  tlie  name  with  which  he  has  christened  it, 
however,  I  \\\A\  to  (|n;iiM'(l  -lightly. 

In  the  first  ])lace,  while  rlie  energy  available  for  work  is  of 
potential  form  in  the  water-wlieel  analogy  from  which  he  draws 
his  illustration  of  the  term,  in  the  steam-engine  it  is  not.  Speak- 
ing more  accurately,  not  all  of  it  is  potential  in  form.  Much  of 
it  is  kinetic  thermal  energy.  Therefore,  there  is  no  active  reason 
why  the  term  "potential  ''  shouM  be  use<l  at  all  in  this  case — 
especially  as  he  i-  f<irce<l  to  abamlon  it  so  .soon  as  the  steam- 
engine  under  consideration  becomes  turbine  in  form. 
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On  the  other  liaiul,  if  tills  term  \vliich  Mr.  Korr  advocates  be 
the  true  etHeienev  of  any  concrete  thing,  it  is  that  of  the  engine- 
cylinder  and  its  valvt^  and  ports.  It  expresses  truly  the  skill  with 
which  the  entire  portion  of  the  engine  which  is  devoted  to  thermo- 
dynaniic  actinties,  as  contrasted  with  that  portion  which  is 
devoted  t^  the  transmission  of  the  power  developed  on  the  piston 
to  the  shaft,  performs  its  allotted  task.  It  tells  instantly  the 
pro|>ortion  of  the  possibilities  theoretically  open  to  the  designer 
which  he  was  able  to  develop,  in  so  far  as  his  skill  was  applied 
to  the  design  of  the  cylinder  and  its  adjuncts. 

For  this  reason  I  have  ahvays  called  this  efficiency  the  ^^cylin- 
der-efficiency," and  under  that  name  it  has  been  presented  to 
my  students,  for  the  past  eight  years,  as  the  prime  indicator  of 
the  worth  or  the  fault  of  an  engine.  It  was  given  prominence  in 
my  text-book,  ''  The  Thermodynamics  of  Heat  Engines,"  pub- 
lished some  eighteen  months  ago.  It  Avas  under  this  name  that  I 
urged  its  adoption,  not  only  as  one  of  the  many  efficiencies  which 
might  be  assigned  to  an  engine,  but  as  the  one  of  chief  signifi- 
cance, upon  the  Committee  of  the  Society  which  reported  upon 
the  proper  system  of  engine-testing  at  the  May  meeting  in  Bos- 
ton, in  1902.  At  that  meeting  I  advocated  the  same  step  orally. 
But  my  letter  never  received  either  acknowledgement  or  reply, 
and  my  oral  suggestion  was  unanimously  approved  by  just  one 
man.  So  I  have  been  forced  to  feel  that  as  a  missionary  I  am 
a  failure.  1  know  how  it  must  feel  to  have  been  eaten  up.  From 
the  darkness  and  oblivion  of  the  interior  comes  this  voice  hand- 
ing over  the  honors  and  the  ti-ibulations  of  the  task  to  Mr.  Kerr. 

In  regard  to  Mr.  Kerr's  Table  II.,  on  page  J)1<S,  of  values  evi- 
denced by  standard  existing  engines  of  vari(Ml  ty])es,  I  would  raise 
some  suspicion  as  to  the  values  computcnl  and  reported  thcM-c 
for  the  efficiency  in  question.  This  suspicion  arises  from  the 
fact  that  many  of  the  values  are  higher  than  any  that  I  have 
ever  found.  In  those  enginc^s  using  supc^rheatcd  steam  I  explain 
it  as  partly  due  to  an  erroneous  assumption  as  to  the  specific 
heat  of  superheatetl  steam.  It  having  appeared  jdain  to  me  some 
years  a^o  that  Begnault's  value,  0.48,  did  not  at  all  coincide 
with  later  investigations,  T  have  gathered  what  rcK-ent  observa- 
tions have  come  to  my  hand  in  a  pafx-r  upon  the  toj)ic  which  is 
at  present  about  to  be  fud»n-lie<l  in  tlif  .fournal  of  tlu^  Worcester 
Polytechnic-  Institute.  In  this  hcmicIi  I  found  n^ason  for  re- 
computing the  obscn'ations  made  by  the  late  Mr.  Grindlcy  and 
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those  of  Dr.  Gricssmann  at  Dresden,  bv  a  method  whieli  seemed 
to  me  to  be  more  accurate  than  theirs  and  whi(di  would  bring 
the  two  into  hannonv  u])on  a  conunon  basis  which  thev  did  not 
before  possess.  The  results  of  this  method  I  present  in  the  fol- 
lowing table  of  total  and  specific  heats  of  sui)erheated  steam. 

It  will  be  seen  that  the  conditions  never  reach,  as  to  pressure 
and  temperature,  those  commonly  occurring  in  engine-practice. 
As  to  what  is  the  specific  heat  under,  those  conditions  I  know 
nothing  exact.  From  the  field  which  is  covered,  however,  it 
would  appear  plain  that  the  specific  heat  is  higher  than  the 
highest  value  stated  by  ^Ir.  Kerr,  0.0.  Using  the  assumed  value 
of  0.75,  therefore,  which  I  consider  none  too  high,  1  have  re- 
computed a  few  of  the  values  for  the  potential  efficiency  given 
on  page  918  of  his  papers.  The  great  uncertainty  as  to  what  de- 
gree of  vacuum  is  meant  by  so  many  inches  of  mercury  renders 
the  comparison  inexact;  but  it  will  serve  approximately.  All 
condenser^ybservations  should  always  be  stated  either  in  the 
absolute  inches  of  mercury  or  in  degrees  Fahrenheit.  The  latter 
is  easier  to  observe  and  is  much  more  exact  than  any  sort  of  a 
pressure-gauge  except  a  mercury-column. 

Mr.  Kfrr'c  vahief.     My<»«ii. 

T^rofessor  E wing's  Sheffield  test 68.0  63  4 

Knocklong  test 6000  60.2 

Middlepoldertest 71.0  69.7 

LewickTs  Thale  test 76.7  72  5 

Schmidt  engine  at  Pabiance 80 . 5  76 . 0 

Professor  Goss'  Indianapolis  test 80.2  77.2 

"         Jacobus*  Milllx)urne  test 68.8  61.1 

It   is  plain   that  if   the   specilic    heat    be   liiglu-r   tlian    we   now 
think  that  it  is,  we  are  deceiving  ourselves  as  to  tiie  excellence 
of  our  engines  using  suj)erheateil  steam  and  also  as  to  tin*  aj» 
parently  jxM.r  efficiency  of  our  superheaters. 

As  to  .Mr.  Kerr's  ecpiations  on  page  inT),  T  would  suggest  that 
they  give  an  unnect^sarily  complex  idea  of  the  very  simple  com- 
putation recpiired  to  .state  this  ^' jmtentiar'  or  *' cylintler ''  etfi 
ciency.  My  steam-tables  contain  all  of  the  entn»py-values  neede<l, 
already  computed.  The  task,  for  saturate(l  steam,  thiMi  reduces 
to  (l)'to  hx.k  lip  the  boiler-pressure  level  in  the  table  an«l  note 
the  total  heat  and  the  steam-entn»py ;  (2)  to  look  up  the  exhaust- 
pressure  level  and  nntc  the  water-heat,  the  water-entn>py  and 
the   temiKTature;   {'6)   subtract    the   second  beat  from  the  first; 
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(4)  subtract  the  second  entropy  from  the  first,  multiply  l\v  the 
absolute  temperatuVe  of  exhaust,  and  deduct  the  result  from  (3); 
the  result  is  the  heat  available  for  work.  Of  course  when  super- 
heat is  present  one  logarithmic  computation  must  be  added  to 
this  pro<rranune. 

Mr.  Samuel  Webber. — Permit  me  to  offer  the  following  cor- 
rections to  the  nomenclature  in  the  Table  of  ''  Potential  Efli- 
cencies,"  on  page  1>21 — viz.,  there  is  no  such  thing  as  a  Trcmout 
turbine.  When  the  ''  Boyden  "  turbines  were  being  introduced 
into  the  mills  at  Lowell,  the  first  one  was  put  in  at  the  ''  Appleton 
^lills."  The  success  of  this  one  led  to  their  adoption  by  the  other 
milLs  and  the  one  at  the  "  Tremont  Mills  "  was  tested  by  Mr. 
Francis,  who  published  his  results  as  those  of  "  the  Tremont  Tur- 
bine,'' but  it  Avas  simply  one  of  the  Boyden  wheels  then  being 
constructed  for  the  different  mills  and  not  a  distinct  wheel. 

The  turbine  at  the  "  Booth  Mills,"  which  he  also  reported,  was 
an  experimental  one  of  his  own  design,  reversing  the  position 
of  the  guides  and  buckets  from  those  of  the  Boyden  or  Fourney- 
son  wheel,  and  was  never  duplicated.  This  method  of  ^^  inward 
flow  "  was  taken  up  by  many  other  inventors,  Swain,  Leffel  and 
others,  and  bei-ame  the  leading  type  since  followed.  The  next 
step  was  to  discard  the  inward  discharge,  and  make  that  "  down- 
ward,'^ while  the  water  entered  from  the  circumference  and 
made  a  '^  quarter  turn."  One  of  the  earliest  wheels  of  this  typo 
was  the  "  Vandewater,"  which  was  improved  by  Theodore  liisdou 
of  Mount  Ilrdly,  X.  J.,  and  one  of  w^hich  I  tested  at  the  Cen- 
tennial Exposition  in  1870,  obtaining  over  86  per  cent,  efficiency. 
This  was  s<>on  fonowe<l  by  the  ''  Victor,"  "  Hercules  "  and  ^fc- 
Cormick  wheels,  all  possessing  the  s^ame  general  features,  of 
fewer  and  larger  buckets,  lessening  the  peripheral  friction,  and 
admitting  much  larger  volumes  of  water  to  be  used  in  the  same 
diameter  of  wheel.  7'he  results  as  oolkx^ted  by  Mr.  Kerr  agree 
^^^th  my  own  tests  and  observations,  and  show  that  the  late  I'rof. 
I)e  Vol.son  Wood  was  substantially  correct  in  the  conclusions  at 
which  he  arriveil  in  a  papf-r  f)ublisli('d  a  few  years  since,  that  after 
making  the  necrfssary  deductions  for  friction  and  ^'  slip,"  about 
85  per  cent,  was  all  the  ])otential  (.*fHciency  that  could  Ix;  ex- 
pected from  a  turbine.  The  results  of  00  per  cent,  or  th(;re- 
alxjuts,  .sometimes  repf>rted,  have  never,  in  my  knowledge,  been 
<1  d  on  second  tests  of  the  same  wheel. 

.'/r.  Francis  Ilodfjkinson. — The  method  of  comparing  engine 
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performances  proposed  hv  ^Ir.  (\  V.  Kerr  is  certainly  the  best 
method  of  making-  such  comparison.  There  is,  however,  n<jthii)«r 
new  in  this  method.  Professor  Rateau  makes  use  of  it  in  show- 
ing his  turbine  efficiencies.  I  liave  always  done  so  in  prophesy- 
ing the  economy  of  Westinghouse-Parsons  steam  turbines. 

The  principal  object  of  Mr.  Kerr's  paper  seems  to  be  to  pro- 
pose a  new  name  for  this  efficiency;  viz.,  ''  Potential  Efficiency." 

I  am  not  sure  that  I  think  this  a  good  name,  because  it  is  new 
and  gives  no  clue  as  to  what  is  meant. 

I  have  found  myself  generally  understood  ])y  using  the  term 
*'  Efficiency  of  the  Rankin  Cycle  Efficiency."  This  is  cumber- 
some, but  1  see  no  objection  to  the  old-fashioned  expression 
''  Kinetic  Efficiency  "  for  this  pur])ose. 

Pj'of.  D.  S.  Jacobus. — In  the  '^  Report  of  the  Civil  tlngineers  of 
London  on  Standards  of  Thermal  Efficiency  for  Steam  Hngines  " 
it  is  recommended  that  the  ratio  of  the  efficiency  of  an  engine 
to  that  of  an  ideal  euGine  working  with  tlu*  Rankine  cycle  be 
determined.  This  is  also  recommeniled  in  the  '*  Report  of  the 
Committee  of  tliis  Society  on  Standardizing  Engine  Tests."  I 
would  like  to  ask  Mr.  Kerr  whether  this  ratio  is  not  the  same  as 
the  one  which  he  gives. 

Professor  Keeve  says  that  he  nuide  some  suggestions  to  the 
committee  in  his  discussion  on  Stan<lardizing  Engine  Tests,  and 
that  this  was  the  last  he  heard  of  his  suggestions.  P('rhaj)s  he 
did  not  read  the  Conunittee's  final  report  because  his  ideas  were 
followed  to  the  extent  of  incorj)orating  the  factor  f(»r  ratios 
of  efficiency  recommended  by  the  Civil  Engineers  of  Eon<lon. 
Eurthermore  a  chart  is  repro(luce(l  in  the  report  fr«Mii  wliich 
by  simple  observation  tlic  heat  consumption  of  tlie  ideal  engine 
under  any  set  of  conditions  can  be  readily  obtaine*!. 

}fr.  I/rnri/  T..  Dohertj/. — I  regret  to  see  a  tendency  to  change 
from  our  old  etliciency  of  rating.  I  am  afraid  that  would  tie  us 
to  a  steam  turbine  or  a  steam  engine,  and  we  need  a  rating  that 
applies  to  all  sorts  of  prime  movers.  The  internal  eomi>ustiou 
engine  I  believe  would  soon  be  on  a  basis  where,  considering  the 
available  heat  that  it  might  use,  it  w<»uld  have  an  efliciency  of 
over  100  per  cent,  ^'ou  will  have  to  liave  one  basis  for  that  and 
another  basis  for  tlie  >tenin  engine. 

^fr.  ('.  ir.  liice. —  In  reading  Mr.  Kerr's  paper  I  nniicc  thai 
he  mentions  the  recent  test  of  an  engine  having  a  <'ond»ined  etli- 
ciency  of  1)5  per  cent.     I  would  like  to  know  from  him  whether 
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he  accepts   that.      From   his   paper  the  theoretical   possible  efii- 
cieiicv  is  D8.:i4. 

Mr.  ('.  V.  Kcrrr — Keplving  to  Mr.  C.  W.  Ixice,  I  would  say 
that  1  most  assuredly  accept  that  value,  as  I  helped  to  make  the 
test. 

It  is  iz-ratifyini>-  to  note  the  gviieral  ai;reement  that  the  idea 
here  called  '*  potential  ethciency  "  forms  the  best  basis  for  com- 
j)arin«r  euiiine  performances.  What  the  technical  name  shall  be 
is  of  less  importance,  but  the  one  proposed  is  still  believed  to  be 
j)eculiarly  fitting".  The  numerical  values  of  the  "  efficiency  ratio  '' 
of  the  British  Civil  Engineers,  of  the  "  cylinder  efficiency  "  of 
Professor  Reeve,  of  the  "'  global  efficiency  "  of  Professor  llateau, 
or  of  the  *'  potential  efficiency  "  as  here  defined  may,  ^vllen  applied 
to  the  same  conditions,  be  identical.  But  the  term  "  potential 
efficiency  "  has  the  advantages  of  expressing  what  it  is  possible 
for  the  i)rime  mover  to  do,  of  being  directly  derived  as  tbe  "  effi- 
ciency ratio,"  for  instance  is  not,  and  of  making  direct  and  right 
comparisons  between  the  performances  of  Avater  wheels,  steam 
engines  and  steam  turbines. 

For  Professor  Itceve's  frank  and  earnest  support  of  the  idea 
involved  and  for  his  kind  words  in  appreciation  of  my  efforts  I  am 
grateful.  And,  if  he  or  any  one  else  will  suggest  a  better  term 
than  '^  potential  efficiency  "  which  all  will  accept,  let  us  have  it; 
but  let  the  idea  prevail. 

The  <lifferences  in  values  of  potential  efficiency  obtained  by 
Profi-.s.sor  lieevc  in  using  0.75  as  the  specific  heat  of  superheated 
jiteani,  as  comp;ire(l  with  my  own  results  are  arguments  for  re- 
searches establishing  the  facts  of  sn])erheated  steam,  as  J{egnault 
did  for  saturated  steam,  rather  than  against  the  common  idea. 
!My  paper  purposely  gives  in  full  the  data  and  methods  used,  so  that 
in  event  of  the  facts  being  established  the  proper  corrections  can 
Ik?  made  in  future  comparisons. 

Mo.st  engineers  who  follow  such  methods  int(dlig(mtly  will  soon 
<ii''Cover  tlie  short  cuts  in  calculation  of  results  that  are  per- 
il.1-  11  ^•.  The  use  of  charts  such  as  that  to  which  Professor 
•I.  call.s  attention  have  their  advantages.     Of  greater  con- 

venience in  exact  work  under  test  conditions  are  the  entropy  values 
in  P  r  Reeve's  steam  tables. 

Afr.  Uoherty's  expression  of  regret  arouses  my  respect  f<ti'  his 
'»nof  1.    But  the  farmer  firnl^  th(?  self-binder  better 


*  Aatbor'8  closure,  under  tlie  Kules. 
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for  his  harvest  than  the  cradh',  and  the  honsewilV  prefers  the 
power  loom  in  the  factory  rather  than  the  spinning-wheel  in  the 
house.  The  direct  driving  of  generators  bv  water  wheels,  steam 
turbines  and  engines,  only  one  of  these  prime  movers  yielding  an 
"indicator  card,"  makes  a  modern  method  <>f  cninpariug  ctfi- 
ciencies  desirable. 

A  clear  understanding  of  the  meaning  of  potential  ctficiency 
would  probably  have  saved  ^fr.  Doherty  from  the  err«»r  of  sup- 
posing that  the  efficiency  of  the  internal  combustion  engine  on.  the 
basis  of  available  heat  could  be  over  100  per  cent.  The  potential 
efficiency  of  the  other  prime  movers  named  really  depends  upon 
the  potential  energy  availalde  in  a  pc^ind  of  water  used  in  the 
natural  state  or  as  steam.  If  the  specific  heat  of  gases  did  not 
change  with  high  temperature,  or  if  the  law  of  change  were  known, 
we  could  compute  the  initial  temperature  and  pressure  possibh'  in 
the  gas  engine  cylinder,  and  assuming  adiabatic  expansion,  com- 
pute the  energy  available  per  pound  of  explosive  mixture.  F. ir 
the  further  reason  that  so  few  gas  engine  tests  are  made  or 
re})orted  with  the  data  here  needed,  I  decided  to  omit  a  comparison 
of  gas  engine  performance  with  that  of  other  })rime  movers.  This 
merely  delays  a  complete  comparison  of  all  prime  movers  on  the 
same  basis,  and  is  no  excuse  for  not  using  the  data  or  methods  at 
hand. 

The  historical  matter  fnrnishe<l  by  ^Ir.  Webber  is  of  interest 
and  has  led  to  slight  changes  in  the  text.  Ilis  sup])ort  of  the 
correctness  of  results  verities  the  conclusion  base(l  on  Tables  I, 
11  and  111,  that  the  steam  engine  or  turi)ine  has  not  reached  the 
mark  of  i)otential  efficiency  set  by  the  water  wheels. 

The  output  of  a  generator  is  e((nveniently  measured  in  terms 
of  the  kilowatt  hour,  the  heat  equivalent  of  which  is  3,4  1l'  IJritish 
thermal  units.  If  the  generator  is  driven  by  a  steam  turbine  or 
engine,  the  potential  efficiency  is  expressed  by 

_  3,412   _ 

in  which  3,412=2,545X1.31  :ni<l  >r  \<  the  observed  water  rate 
])er  kilowatt  hour.  Hence  the  ehange  in  heat  ecpiivalent  does  not 
cover  the  ine<'hanieal  efficiency  of  ])rime  mover  and  generator. 
If  the  mechanical  efficiency  is  abcMit  O.IM)  .iii.l  thr  W.W'l  be  change<l 

to  3,S00,  then 

2.545        _  3,s00 
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ill  which  ir  is  ihv  obscrviMl  wntcM*  va\v  \)vv  iiulicatod  hoi'sc^-powcr, 
and  ir  is  the  water  rate  ]ier  kihnvatt  lionr.  Or,  if  the  mechanical 
etHcieiu-v  is  about  0.85,  the  3,412  becomes  4,000  and 

4,000 


F  = 


w  {Ih-II,) 


In  the  case  of  the  water  wheel  driving  the  generator,  the  poten- 
tial etliciency  will  be 

737.3 
^    ~  62.3  QH 

.-ince  the  nicchanieal  etpiivalent  of  a  kilowatt  is  737.3  foot  pounds 
per  second. 

T(>  compare  the  performance  of  prime  movers  driving  genera- 
tors, it  will  be  convenient  to  make 

3,412  737.3 

I    —  — 7  ii ri^  or 


wliich  may  be  called  the  commercial  or  practical  potential  effi- 
ciency. 
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POWEI!    PL.WT. 

BY   YINCENT  L.    RAVBN,   CHIEF  A8-1>»TANT    MECIIAVtrAL   EN'OISEER,   NORTH    EahtKun    kMivvav. 

(Member  Institution  Mechnnical  Engineers.) 

1.  Now  tliat  the  question  of  electrical  appliances  for  dock  pur- 
poses is  so  generally  considered,  the  author  thinks  that  it  may 
be  of  interest  to  record  and  phice  before  the  nuMubers  of  tlie  In- 
stitution the  particulars  of  the  installation  and  the  tests  which 
have  been  ma(h'  at  Middh*sborouiih  Dock,  on  the  North  Kastcrn 
Kailway,  comparing:  hydrauHc  witli  electric.  These  are  working 
side  by  side,  and  are  all  tli(»roui!:hly  up  to  date,  jrivin^  an  excellent 
opportunity  for  judpnc:  the  value  of  the  one  against  the  other, 
so  far  as  economy  in  working  is  concerned,  lie  proposas  there- 
fore first  to  describe  the  maehinery  at  tlii<  dock.  aii<l  iImmi  t<>  irive 
the  very  careful  tests  whieh  have  been  carrie<l  out. 

2.  When  the  dock,  Fig.  4<5r),  was  emistructcMl,  it  was  etjuipped 
with  steam  eranes,  and  had  a  small  hydraulic  ])ower  station  for 
workiii"*  the  bridge  and  uate  machiuerv.  Twcdve  vears  Iat«'r,  a 
further  extension  was  made,  and  hydraulic  cranes  were  th(»n  .sup- 
plied to  the  new  extension,  A  separate  (dectric  lighting  station 
was  also  put  down  for  d(K*k  lighting.  With  this  ]>lant,  in  the  year 
11)00  the  following  tonnage  was  dealt  with: — 

Tons. 

Cini\  and  coko  pxi)()rt.'<l     2?2,ni6 

Mrrcliundisf.  rxportrd 197. U33 

imported 80.911 

Bullu.st  workt'd 1,751 


Or  a  total  of 4:>9.2-ll 


*  Presented  at  the  Chlcn^'o  meeting  (May  and  .lune,    1904)  of    tho  Aiii«*rir«n 
Rocirty  of    Mechanical    Engiueern,  and    forming    part  i»f    Vtilumo   XXV.  of  the 

7'raiisactiona. 
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To  do  this  work : — 

Coal. 
Tons       Cwt». 

The  steam  cranes  burnt 1080       0 

The  hydraulic  station  burnt 994     15 

The  electric  station  burnt 932     11 

Or  a  total  of 3,910      6 

The  total  merchandise  worked  per  ton  of  coal  burnt  was  there- 
fore 117  tons. 

3.  When  the  present  extension  was  proposed,  after  careful 
consideration  it  was  (h'cidod  to  abandon  the  steam  cranes  and  to 
supply  their  places  witli  electric  cranes,  and,  at  the  same  time, 
make  one  large  })ower  station,  which  would  su})})ly  both  the 
electric  power  for  the  cranes  and  for  the  lighting;  and  the  hy- 
draulic power,  water  for  the  hydraulic  plant.  The  work  in  con- 
nection with  the  ])ower  station  was  divided  int(»  two  contracts, 
Messrs.  Siemens  Brothers  &  Co.,  of  Woohvich,  being  responsible 
for  the  electrical  j)ortion,  and  Messrs.  Carrick  cV  Wanlale,  of 
Gateshead-on-Tyne,  for  the  hydraulic  installation. 

4.  The  ])ower  station  (Mtntains  three  sets  of  ^lessrs.  Belliss  i.^' 
Morcom's  compound  three-crank  self-lubricating  quick-revolution 
vertical  engines,  discharging  with  independent  condensing  plants, 
each  developing  360  B.II.P.  at  a  steam-pressure  of  150  pounds 
]H'V  s<|n;n"('  inch  at  a  speed  of  :]s{)  revolutions  per  minute;  these* 
eiii^nes  are  direct  coujde<l  to  three  Siemens'  dynamos,  whieii  have 
an  output  of  240  kilowatts  at  430  volts  when  running  at  a  speed  of 
3.^0  revolutions  per  minute. 

.").  The  engines  on  a  six  liours'  test-run  gave  tlie  toUowini: 
results : — 

Steam  pressure  on  range 154  lbs.  per  square  inch. 

Steam  pressure  in  steam  chest 128  lbs.  jkt  square  inch. 

Vacuum 24  inches. 

Kevolutious  per  minute 380. 

Volts 430. 

Amperes 552 . 5. 

Exciting  amp**res 6.75. 

Kilowatts 237.5. 

Water  consumption * 21 .1  lbs.  per  electric  11.  I'.* 

318.3  K.  II.  I». 

^'^''"''^^y 359:3211.  uriM^'^ '""""' 

0.  The  .switchboard  is  of  marble,  and  consists  of  four  machine 
and  one  feeder  i)anel,  in  a.ldition  to  the  lighting  panel.     The  in- 

♦  Exclusive  of  steam  used  by  the  condensing  plant. 

f  Exclusive  of  power  ab.-tractcd  by  the  condensing  plant. 
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stniinonts  arc  of  the  moving  coil  type.  T\w  slumt  winding  of  each 
(Ivnanio  is  bronght  to  a  switch  on  the  board,  and  these  shnnt 
switches  are  interkx^ked  with  their  respective  main  switches,  so 
that  it  is  impossible  to  break  the  exciting  circnit  of  any  machine 
until  the  armature  had  been  cut  out  of  circuit,  nor  can  the  arma- 
ture be  thrown  in  until  the  shunt  circuit  is  made.  The  three  ma- 
chines are  run  in  parallel  upon  the  bus  bars,  and  the  shunt  circuits 
are  excited  from  the  bars. 

7.  The  three  hydraulic  engines  are  of  the  triple-expansion  sur- 
face-condensing inverted  vertical  marine  type.  The  pressure 
j>umps,  three  in  number,  are  of  the  ordinary  ram  type,  Avorked 
directly  oif  the  piston-rods,  and  each  set  is  capable  of  delivering  300 
gallons  per  minute  at  a  maximum  speed  of  240  feet,  against  an  ac- 
cumulator pressure  of  800  pounds  per  square  inch.  Both  the  hy- 
draulic and  electric  engines  can  also  be  worked  non-condensing, 
and  the  piping  and  valves  are  so  arranged  that  either  engine  can  be 
changed  over  from  condensing  to  non-condensing,  or  vice  versa^ 
without  any  stopi)age  whatever.  There  are  two  hydraulic  accumu- 
lators, 20  inches  diameter  by  28  feet  stroke,  and  situated  betwixt 
these  is  a  large  water-tank,  which  holds  12,000  gallons  for  supply 
to  the  pressure  pumps. 

8.  The  hydraulic  engines  on  a  six  hours'  test-run  gave  the  fol- 
loAnng  results : — 

Water  pumped  at  a  piston  speed  of  240  feet  per  minute  ....  811  gallons. 

WaU-r  pumped  per  cwt.  of  coal  burnt 5,090        " 

St»'atu  consumption  j>er  I.  H.  P.  per  hour 14. 1  lbs.* 

Total  I.  H.  P 181. 5.f 

Stpam  pressure  i>er  square  inch 150  lbs. 

Varuura 28.5  inches. 

Effifiency ^   ^'^  181^2^    89.5percent. 

Accumulator  pressure 750  lbs.  per  sq.  in. 

'.K  There  are  two  sets  of  condensing  plant  in  connection  with 
the  electric  steam-engines,  each  capable  of  dealing  witli  15,000 
jKjunds  of  steam  per  hour;  thcvse  were  supplied  by  Messrs.  Carrick 
&  Wanlale,  of  (late.shead-on-Tvnc.  V/.\c\\  set  com])rises  }i  com- 
pound steam-driven  air  an<l  circu hating  pumj),  together  with  a 
.«Mrface  conden.ser  combined  on  one  bedplate.  'Hie  circulating 
water  in  pa.H.H<'d  zigzag  through  the  condcn.ser,  and  the  (piantity  us(!d 

•  ExcloflWe  of  the  Hteam  used  by  the  circulating  I»ump. 
f  Exclusive  of  the  power  aljsorbed  Ijy  the  circulating  pump. 


MlDDLESBOIiOUGH  DOCK  ELECTRIC  AND  HYDKAILIC  POWER  I'LAN T.      <M7 

is  thirty  times  the  amount  of  steam  dealt  with,  and  the  vacuum 
maintained  from  27  to  21)  inches.  The  cirruhitin«^  water  is  drawn 
from  the  dock,  a  distance  of  :]()()  feet  thron^li  an  is-inch  suction- 
pipe,  and  at  low  water  these  pumps  have  a  lift  of  15  feet,  but  no 
difficulty  has  been  experienced  in  gettinc^  the  water  even  at  such 
a  great  distance.  There  is  also  a  circulating  pump,  fitted  by  the 
same  makers,  for  supplying  water  to  the  condensers  of  the  hy- 
draulic engines,  and  it  is  similar  in  design  to  the  electric  plant. 
The  three  feed  pumps  and  filters  were  supplied  by  Afessre.  Henry 
Watson  &  Sons,  High  Bridge  Works,  T^ewcastle-on-Tyne. 

10.  The  boilers  for  both  plants  are  of  the  ordinary  Lancashire 
type,  six  in  number,  30  feet  long,  8  feet  0  inches  diameter,  working 
pressure  160  pounds  per  square  inch,  and  were  made  by  ^lessrs. 
H.  &  T.  Danks,  of  Netherton.  The  boilers  are  fitted  with  Proc- 
tors' shovel  stokei's,  and  the  coal  is  supplied  thereto  by  a  coal 
elevator  and  conveyer  supplied  by  Messrs.  Graham  ^Nfi^rton  &  Co., 
of  Leeds,  the  coal  in  the  first  instance  being  raised  from  ground 
level  in  truck  by  means  of  a  diagonal  hydraulic  hoist  to  the  top  <>f 
the  coal  cells  and  there  discharged.  A  Green's  Economizer  of 
384  tubes,  0  feet  long,  4^^  inches  diameter,  is  fitted  in  connection 
with  the  l>oilers. 

The  boilers  on  a  six  hours'  test  gave  the   fnllowiiiir  results: — 

firntc  aroa 3S  s<juure  f<ct. 

Coal  burtit 5,208  lbs. 

_,,.,,,  \  3")0  11)9.,  <»r   7  i>fr  c«'nl. 

Clinker  and  ashes .  ,        ,  , 

'  of  coal  Miirnt. 

Net  consumption  of  couibustiblo 1,852  lbs. 

Combustible  burnt  per  liour 809  lbs. 

Combustibit;  burnt  nor   square    f»M>t  of  L^rato    area  t  ^,   .,  ,, 

-  21  .1  lbs. 

per  hour S 

Pounds  of  water  evaporated 36,3()0 

Pounds  of  water  evaporato<l  per  hour 6,05() 

Pounds  of  water  evaiKjratrd  per  iwdiiid  df  coal  burnt.  7.5  lbs. 

11.  Feed  water  from  hot  well  at  110  degrees  Fahr.  was  run  to 
waste  on  account  of  measuring  the  water,  and  town  water  was  put 
in  feed  tank  at  a  temperature  of  54  degrees  Fahr.,  or  ecpial 
U)  a  loss  of  241  i>ounds  of  coal. 

The  steam  and  hydraulic  mains  are  laid  in  circuit  in  the  engine 
and  boiler  houses  respectively. 

12.  The  contract  for  the  electric  cranes  ant!  ca|)stans  consisted 
of  nineteen  '{-ton  and  tive  lO-ton  cranes.  Figs.  4r»<5  ami  4<J7,  nn<l 
twentv-six  1-ton  pull  capstans,  Fitr.  4<»S.     Th,.  whole  of  tlie  eleo- 

01 
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Middlesbrough  Docks,  X.  E    Ry 
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1 0-ton  Electric  Travellin)^  Crane. 
Middlesbrough  Docks,  \.  K.  Rw 
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i-ton  Eleciric  Capstan. 

MiifiUcsbroiigh  ami  Hartlepool  Docks,  N.  E.  Ry. 

Capstan  Head  and  Top  Casting 
removed 
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Elevation  of  Switch. 
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trical   e(|iiipnient   for  those   was   supplied   under  sub-contract   bv 
Messrs.  Siemens  Brothers  <t  Co.,  of  Woolwich. 

13.  The  following  are  the  principal  i)articulars  of  the  3-ton 
cranes.  Fin.  400,  as  specified: — 

Height  of  jib  top  pin  from  (p.iay  ]«'vel GO  feet. 

Radius  of  jib 44  feet  9  inches. 

Speed  of  lift,  8-ton  load 150  fet-t  per  minute. 

Speed  of  lift,  lA-ton  load 250  feet  p«'r  minute. 

Revolving  speed  at  hook 400  feet  jM?r  minute. 

Travelling  speed 30  feet  i)er  minute. 

Lifting  motor,  50  brake  horsepower HOO  revs.  ]>er  minute. 

Revolving  motor,  8  brake  horse-power 1,000  revs.  p«r  minute. 

14.  The  cranes  are  of  the  high  gantry  type,  with  gantry  30 
feet  high,  and  so  constructed  as  to  admit  of  the  passage  of  wagons 
and  engines  underneath.  The  whole  structure  is  rigidly  tiecl  to- 
gether. Holding-down  clips  for  fixing  to  the  rails  and  screw-down 
jacks  for  increasing  the  base  when  the  maximinn  load  is  being 
<lealt  with  are  also  provided,  l)ut  the  cranes  are  absolutely  stalile, 
even  with  a  .")()  per  cent,  overload,  without  these  attachments. 

IT).  The  travelling  gear  motion  is  fitted  with  both  han<l  and 
electrical  gear,  the  latter  consisting  of  an  enclosed  series-wound 
multipolar  motor,  which  is  coupled  to  a  steel  wf>rm  working  into  a 
delta  metal  W(>rm-wheel.  The  power  is  communicateil  to  the  tro«l- 
wlieels  by  means  of  s])ur  and  bevel  gearing,  the  wheels  on  eacii 
side  being  coupled  tr»gether  by  means  of  a  cross  shaft,  thereby 
insuring  uniformity  of  movement  and  avoiding  any  twisting  strain 
on  the  gantry.  The  switch  gear  for  the  travelling  motor  is  placed 
in  a  water-tight  case  upon  the  bottom  framing  of  the  gantry.  To 
pi-event  tlie  possibility  «»f  unauthoriz<'d  persons  starting  the  gear, 
the  switch  is  provided  with  a  detachable  key,  wliich  is  kept  in  the 
charge  of  the  crane-driver.  The  top  framing  is  crmstructed  of  H 
heaiiis  riveted  up  into  bo.\  shapt'  and  carrying  the  heavy  pluto 
which  takes  the  roller  juith.  11  beam  cross-stays  take  the  thnist 
and  stiffen  the  stnicture.  'i'he  roller  path  and  rack  are  of  cast- 
steel;  they  iwv  not  Itohed  to  tiie  top  plate,  and  whilst  they  are  hehl 
(]i>\\'n  by  a  groove  turned  out  of  the  latter,  they  admit  of  some 
movement  and  ease  the  crane  in  case  of  a  sudden  stop  when  revolv- 
ing.    The  rollers  afe  twenty-four  in  numlx-r  and  of  cast  steel. 

10.  The  collector  is  fitted  to  the  ci-nter  pillar,  through  which 
the  mains  are  passed  and  attached  to  (and  c(.nsists  of)  two  copper 
rings  niounte«l  u})on  ambroin  an<l  separated  by  rings  of  the  same 
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material.  The  collecting  brushes  consist  of  two  gauze  straps, 
each  encircling  one  ring,  thC  tension  being  regulated  bv  s})rings. 
These  straps  are  attached  to  terminals,  which  in  turn  are  mounted 
upon  ].>orcelain  insulators,  from  which  the  cables  for  the  wiring 
of  the  cranes  are  taken.  The  crane  cabin  is  of  teak,  and  the  front 
consists  of  a  wrought-iron  framing,  glazed  to  enable  the  driver 
to  have  full  view  of  his  load  throughout  the  operation.  The 
cabin  contains  the  lifting  and  sluing  gear  and  the  controlling 
a]»paratus. 

17.  The  lifting  gear  consists  of  a  barrel,  wheel,  and  pinion. 
The  wrought-steel  })ini()n  is  cut  from  a  blank,  forged  solid  with 
the  shaft,  wliich  is  fitted  with  a  half-coupling  to  meet  that  upon 
the  motor  spindle.  Upon  this  shaft  there  is  a  band  brake,  actuated 
by  an  electro-magnet  which  will  be  described  later.  The  pinion 
grars  into  a  cast-iron  spur-wheel  keyed  on  the  barrel  shaft.  ]V)th 
pinion  and  wheel  have  machine-cut  teeth,  and  work  in  a  cast-iron 
gear  case,  which  fonus  an  oil-bath. 

18.  The  revolving  gear  consists  of  a  motor,  worm,  worm-wheel 
and  spur-gear.  Tlie  worm  is  cut  from  a  blank,  forged  solid  with 
the  shaft,  which  in  turn  is  fitted  with  a  couplmg  to  meet  the 
motor.  The  wonn  engages  with  a  delta  metal  wonn-wheel,  and  a 
jMnion  keyed  to  the  wonn-wheel  shaft  engages  with  a  spur  wheel 
which  is  fitted  to  a  short  shaft  actuating  a  pinion.  This  pinion 
travels  round  the  rack  of  the  crane  and  thus  slues  the  cabin  and 
jib.  A  brake  actuated  by  a  foot-treadle  is  fitted  to  the  first-motion 
spindle,  so  that  the  sluing  motion  is  always  under  control.  The 
sluing  motor  is  of  similar  type  to  the  lifting. 

ID.  The  electric  })rake  nuignet,  referred  to  previously,  offers 
some  points  of  interest.  It  is  placed  in  series  with  the  armature 
'^•f  the  lifting  mot^>r,  and  consists  of  a  horse-shoe  nuignet  (with 
-  arranged  as  those  of  a  two-pole  dynamo)  with  a  solid  steel 
annature  of  sjKJcial  shape  capable  of  revolving  between  them. 
The  pa.ssing  of  the  current  round  the;  field-coils  tends  to  move  the 
armature  tlirougli  a  right  angle.  A  lever  is  fixed  to  the  end  of 
the  annature,  and  the  brake,  which  is  normally  held  on  to  the 
brake  wlu-el  by  a  weight,  is  connected  thercito  by  a  rod.  The 
Tnov.ii.fnt  of  the  annature  lifts  the  brake  and  releases  the  brake 
The  great  arjvantage  of  the  particular  fonn  of  nuignet 
<U'iicn\K'(\  lice  in  the  strong  })ull  and  long  range  which  it  affords. 
The  brake  in  also  connected  to  a  lever  which  stands  at  the  driver's 
left,  so  that  it  can  be  operat.<-d  instantly  by  hand  when  necessary. 

-0.  The  controller  is  of  the  so-c;ilh(|   rriiversnl  type,  and  con- 
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sists  of  two  separate  controllers  conibined  in  one  case  and  actuated 
by  one  handle.  One  controller  actuates  the  lifting,  and  the  other 
the  sluing,  and  both  are  connected  by  pinions  and  quadrant,s  to  the 
lever.  The  latter  is  so  arranged,  by  mean^  of  a  Tniversal  device, 
that  when  moved  in  a  vertical  plane  it  actuates  the  lifting,  and, 
in  a  horizontal  plane,  the  sluing  controller.  Thus  it  will  be  seen 
that  the  hook  follows  the  motion  of  the  driver's  hand,  lifting  when 
he  raises  the  lever,  and  so  on.  One  conspicuous  point  about  the 
controller  is  the  ease  with  which  it  is  manipulated,  owing  to  the 
absence  of  click  gear  upon  the  immediate  contacts.  Notches  are 
provided  only  at  the  two  extremes  and  the  oif  positions,  and,  in 
consequence,  the  controller  may  be  operated  throughout  the  day 
without  fatigue  and  its  attendant  slackness.  The  resistances  are 
fixed  inside  the  cabin. 

21.  The  switchboard  consists  of  polished  slate,  framed  in  teak, 
and  fitted  with  main  double-pole  SAvitch  and  autonuUic  cut-out  in 
lifting  circuit,  and  isolating  switches  in  <lning  circuit,  fuses  and 
lighting  switches. 

22.  The  crane  cabin  is  well  lighted  by  fixed  and  portable  lamps, 
and  a  cluster,  in  an  enamelled  iron  reflector,  is  fixed  beneath  the 
jib  half  way  up  its  length.  Terminals  are  provided  upon  the 
switchl)<)ar<l,  to  which  may  l)e  connected  an  inspection  voltmeter 
and  ammeter. 

23.  Each  3-ton  crane  on  being  completed  was  tested  in  the  fol- 
lowing manner: — 

A  large  iron  tub  (fitted  with  a  valve  at  the  bottom),  weighing 
1  ton  net,  brought  close  to  the  quay  wall,  lowered  into  the  dock, 
filled  through  the  valve,  there  being  a  j)ort  in  the  side  of  the  tub 
so  that  the  weight  of  water  could  not  exceed  2  tons,  or  a  total 
load  of  3  tons.  This  was  lifted  30  feet,  and  slued  through  a  half 
circle  simultaneously,  then  lowered  on  to  the  quay,  where  the 
valve  on  the  bottom  of  the  tank  opened,  and  the  water  returned 
into  the  dock.  The  tub  was  again  lifted  empty,  taken  back,  and 
the  same  process  continued. 

24.  Each  crane  was  worked  in  this  manner  for  three  hours, 
making  on  an  average  100  lifts  in  the  stated  time.  The  current 
used  was: — 

Lifting ..18  3  ROT.  unii«. 

Sluing 8-i 

or  a  total  of  24.7  Board  of  Trade  Units  or  2.74  Board  of  Trade 
Units  per  1,000  foot-tons,  or  a  total  cost  of  5.4<f  per  1,000  foot- 
tons,  as  <li(t\vu  in  tlie  Talde  Xo.  2  of  costs. 


1K")4     MinPLKSHOKorcJii  dock  klkctijic  and  hydraulic  power  plant. 

25.  The  10-ton  cranes,  Fiii*.  407,  are  of  the  same  design  as  the 
»*»-ton  cranes.  The  I'tM'olviniz:  motor  is  12  brake  horse-power  at  1,000 
revohitions  j>er  minute,  and  the  lifting  motor,  which  is  of  GO  brake 
horse-power,  in  single  gear  drives  directly  through  a  pinion  on  to 
the  barrel  shaft,  the  ratio  of  gearing  being  8  to  1,  and  a  double 
part  of  rope  is  used.  The  double  gear  gives  a  multiplying  power 
of  20  to  1.  With  the  single  gear  loads  up  to  2  tons  are  lifted,  and 
the  double  gear  is  used  for  loads  from  2  to  10  tons. 

26.  As  it  was  imix)ssible  to  get  both  the  hydraulic  and  the 
electric  cranes  working  together  under  similar  conditions  into  a 
vessel,  on  account  of  the  cargoes  at  Middlesborough  being  of  such 
a  varied  nature  and  the  vessels  differing  so  much  in  dimensions, 
to  obtain  comparative  figures  as  to  the  cost  of  the  work  done,  a 
s|>ecial  test  was  made,  which  was  considered  to  be  the  nearest  ap- 
})roach  to  the  actual  working  conditions  in  loading  cargo  into  a 
vessel's  hohl,  and  the  tabulated  form  shows  work  done  and  the 
j>ower  required.  The  first  load  was  2  tons  lifted  through  a  height 
of  20  feet  by  the  single  gear,  slued  through  180  degrees,  and  then 
lowered  20  feet ;  the  liglit  chain  hoisted  20  feet,  and  the  crane 
.'•lued  back  through  180  degrees.  This  cycle  of  evolutions  was 
I)erfonned  five  times.  The  load  was  then  increased  a  further  2 
tons  each  time,  uj)  to  and  including  10  tons,  and  the  same  number 
of  evolutions  made  with  each  load  as  in  the  first  case,  but  double 
gear  being  used  for  the  lifting.  The  total  current  used  was 
H.1525  Board  of  Trade  Units,  or  2.717  per  1,000  foot-tons,  at  a 
cost  of  5.4^7.  j)er  1,000  foot-tons,  equivalent  to  358,710  foot-pounds 
of  energy  }>er  minute  for  the  total  work. 

l'T.  The  author  does  not  pro]>ose  to  take  up  the  members'  time 
by  going  fully  into  the  details  of  the  liydraulic  crane,  as  this  is  so 
well  known,  but  simply  contents  himself  by  stating  that  it  was  of 
Mp-fo-date  design,  as  shown  in  accompanying  drawing,  Fig.  470, 
with  a  capacity  of  10  tons,  and  having  three  verti(;al  cylinders  for 
lifting.  Water  is  admitted  to  the  center  cylinder  for  the  light 
power,  the  two  outside  cylinders  for  the  second  j)Ower,and  all  three 
cylinders  for  the  full  load.  The  sluing  is  done  by  gearing  driven 
by  a  »mall  ordinary  four-cylinder  capstan-engine,  and  the  working 
'  f'O  at  tlie  crane  during  the  test  was  700  lbs.     The  hydraulic 

■■-<'  fifteen  years  old,  j)ut  are  all  of  exactly  the  sjime  design 
as  ,  ,  .  d  by  the  same  firm  at  the  present  day,  and  were  over- 
hauled and  in  perfect  condition  before  the  trials  were  made;  and 
the  capstan  is  quite  modern. 
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2'*^.  Tlio  powor-wator  was  moasurcd  hy  means  of  two  Kent's 
high-pressure  water-meters,  one  on  the  lifting  and  the  other  on 
the  revolving  motion,  and  the  crane  was  worked  at  ita  ordinary 
speed.  Precisely  the  same  evolutions  were  carried  out  as  in  the 
case  of  the  electric  crane,  and  the  total  gallons  of  pressure  water 
used  was  2,391,  equivalent  to  a  cost  of  10.25r/.  per  1,000  foot- 
tons  lifted,  or  equivalent  to  687,412  foot-pounds  of  energy  per 
minute  for  the  total  work. 

29.  Another  test  was  made  on.  a  Sunday  with  six  hydraulic 
cranes  arranged  to  be  as  near  as  possible  on  one  quay,  and  water 
meters  were  attached  to  each  crane.  Wagons  of  rails  were  brought 
underneath  the  cranes  and  worked  as  if  they  had  l)een  ordinary 
cargo  into  a  ship.  They  were  lifted  to  a  height  of  20  feet,  slued 
half  circle,  lowered  down  to  em|)ty  wagons,  the  light  chain  lifted 
a  height  of  20  feet,  revolved  through  half  circle,  and  lowered 
down  again.  Six  hundred  tons  were  dealt  with  as  constant  loads, 
and  GOO  tons  as  variable  loads,  and  the  tabulated  statement  shows 
the  cost  of  handling  the  same.  The  cost  of  ])ower  per  1,000  foot- 
tons  of  work  w^as  Is.  Or/.,  the  time  occupied  seven  liours,  as  showTi 
in  Table  1  of  hydraulic  costs. 

30.  The  same  work  was  done  on  the  following  Sunday  by  the 
electric  cranes,  and  the  cost  per  1,000  foot-tons  was  In.  2.23r/., 
and  the  time  occupied  5]  hours.     (See  Table  2.) 

31.  The  total  saving  effected  by  the  electric  cranes,  including 
cranemen  and  laborers,  was  25  ])er  cent.,  but  the  loa<l  factor  for 
the  electric  was  (n\\y  7.3  jk  r  cent,  as  against  the  hydraulic  14.4 
per  cent.,  so  that,  if  more  cranes  had  Ixcn  working  and  a  b(»ttcr 
load  on  it  at  the  power  station,  better  results  wouM  have  been 
obtained  for  the  electric  cranes.  The  total  estimated  gain  would 
have  been  50  j)er  cent. 

32.  The  diagrams,  Figs.  471  and  172,  >lio\v  the  lluctiiatinn-  of 
the  work. 

33.  Caps((ins. — The  electric  cap>taii-.  Fig.  4<>>^,  arc  21  brake 
horse-power  at  IJKM)  revolutions  per  minute,  and  an*  capable  of 
exerting  a  steady  jnill  of  1  ton  at  a  sjK'ed  of  200  feet  jK^r  minute, 
or  of  hauling  a  load  of  100  tons  along  a  level  road.  The  capstan- 
head  is  driven  by  a  cast-iron  spur-wheel,  which  is  engaged  with 
a  st/'cl  ])inion.  The  latter  is  keyed  on  tlu^  same  shaft  as  a  brass 
worm-whe<'l.  The  driving  worm  is  cut  from  a  blank  forged  solid 
with  its  shaft,  and  is  ccniphtl  direct  to  the  motor  spindle.  The 
worm  and  wheel  work  in  an  oil  bath.     The  motor  runs  at  1,000 
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Diagram  showing  "Work  of  Hydraulic  Engines,  May  24,  J903, 
60 
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Fig.  471. 
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Electric  Engine  Current  Diagram,  May  31,  J903. 

IV)ttr<l  Unp  fihows  variations  In  the  current  load  during  the  working  of  Light  Loads. 
Full  line  nhowH  variation  In  the  current  load  during  the  working  of  Heavy  Loads. 
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revolutions  per  minute,  and  is  completely  enclosed.  In  construc- 
tion and  design  it  is  similar  to  the  crane  motors,  but  is  shunt- 
wound  to  avoid  large  variations  in  speed  of  the  capstan  head. 
Upon  the  motor  shaft  there  is  fixed  an  automatic  nu*chanical  ln'aki*, 
the  principle  of  which  provides  that  when  the  caj>stan-head  is 
driven  by  the  motor  the  brake  releases  itself  automatically,  but 
should  the  capstan  tend  to  run  back  through  being  overhauled 
by  the  weiglit,  the  brake  at  once  locks  itself  and  sustains  the  load. 
Such  a  brake  is  absolutely  necessary  upon  an  electric  capstan,  as 
the  latter  diffei*s  from  a  hydraulic  capstan  in  one  imi>ortant  re- 
S])ect,  namely,  that  in  the  iiydraulie  ea])stan  the  wat<'r  in  th(* 
cylinders  holds  the  load,  whereas  in  the  electric  capstan  there  is 
nothing  to  sustain  the  load  upon  the  current  being  cut  off,  and  if 
the  load  is  allowed  to  run  back  a  serious  accident  may  ensue.  It 
is  also  essential  that  tlie  bi'ake  shonld  be  antnmatic  so  as  to  claim 
none  of  the  driver's  attention  from  his  work. 

34.  The  electrical  switch  gear  presents  many  points  of  interest. 
It  consists  of  a  controller  with  magnetic  blow-out,  and  with  over- 
load release  gear.  The  controller  is  workecl  by  a  pe<lal  ])rojecting 
above  the  capstan  case;  by  about  4  inches.  This  ju'dal  is  removed 
when  the  capstan  is  out  of  use.  The  pedal  is  connected  to  a  dash- 
pot  which  ])revents  the  c<uitroller  being  ojH'rate*!  too  ra]M«ily 
when  a  driver  is  starting  the  capstan,  but,  at  the  same  time,  by 
means  of  valves  in  th(^  plunger,  allows  the  controller  to  return 
raj)idly  to  the  off  ])osition.  The  return  t(>  the  off  ])osition  is  effected 
by  means  of  a  weight  which  is  lifted  as  the  pedal  is  depressed. 
In  the  event  of  the  capstan  being  ])ulled  up  by  sudden  overload, 
the  release  gear  works  instantaneously  and  breaks  the  main  cir- 
cuit. U])on  the  pressure  being  removed  from  the  ]K'<lal.  the  re- 
turn of  the  controller  to  the  off  position  automatically  replaces 
the  release  switch,  and  the  capstan  is  ready  to  start  again.  The 
whole  of  the  gear  is  continued  in  a  water-tight  cast-iron  case  sunk 
in  the  ground,  the  top  of  which  consists  of  checkered  plates  Hush 
with  the  (piny  side.  The  trials  of  these  c:ip-tans  are  shown  in 
Table  :;. 

uT).  Cables. — The  (listributi(>n  of  current  is  effecte<l  by  a  net- 
work of  feeders  and  distribution  cables  laid  below  ground.  These 
cables  are  fibre-insulated  and  lead-sheathed;  they  are  laid  in 
wooden  troughs  on  the  solid  system,  and  are  at  a  <lepth  of  aUtut 
2  feet  from  the  surface.  Water-tight  junction  boxes  an»  |>rovided 
at  the  junctions  of  the  feeders.     The  crane  connection  boxes  are 
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in  two  portions,  the  bottom  of  wliicli  contains  the  positive  and 
neerative  distributing  cables,  and  the  top  the  connection  appara- 
tus for  the  cranes.  The  connection  socket  consists  of  a  circular 
giin-nietal  hood  which  accurately  fills  the  aperture  in  the  cover 
of  the  box,  and  is  so  shaped  as  to  shield  the  joint  from  wet.  The 
interior  of  this  hood  contains  two  gun-metal  tongues  which  meet 
the  two  clip  contacts  in  the  interior  of  the  box.  A  stud  and  groove 
ensures  that  the  socket  shall  enter  the  aperture  only  in  the  correct 
position.  The  flexible  crane  cable  enters  the  hood  of  the  socket 
through  a  trumpet  mouth,  and  the  whole  apparatus  is  shaped  so 
as  to  obstruct  the  quay  side  as  little  as  possible.  There  are  fifty- 
two  boxes  in  all,  placed  20  yards  apart.  They  have  mthstood  the 
test  of  the  severest  weather,  and  have  given  no  trouble.  The  cost 
of  cables  complete  is  only  about  50  per  cent,  of  the  cost  of  hy- 
draulic mains  for  the  same  power. 

.30.  Lighting. — About  half  a  mile  from  the  power  station  a 
6ub-8tation,  fitted  with  switchboard  for  the  lighting  has  been  put 
down.  There  is  only  one  cable  for  supplying  the  power  both  for 
the  electric  machinery  and  the  lighting  of  the  docks,  offices,  and 
station. 

37.  Sunimaj^ij. — Tlie  Traffic  Department  (see  Table  4)  find 
the  electric  cranes  to  be  a  great  advantage.  There  is  very  little 
time  required  for  oiling,  as  the  crane  has  ring  lubricators  to 
all  main  bearings,  and  the  wheels  run  in  oil-l)atlis,  whicli 
only  re(juire  attention  al)out  once  a  month.  The  oil-bath  effectu- 
ally prolongs  the  life  of  the  wheels  and  deadens  any  noise,  which 
is  a  great  advantage  to  the  drivers  in  hearing  instructions.  The 
c^>ntrolling  of  the  crane  by  one  handle  is  also  a  distinct  advance 
both  over  the  steam  and  the  hydraulic  cranes.  With  the  steam 
cranf-s  the  driver  had  to  attend  to  four  levers  and  a  footbrake, 
in  addition  to  tlie  feed-pump  and  the  firing  of  tlie  boih'r.  In  tlie 
caw  of  the  hydraulic  erane  two  levers  are  in  use  which  require 
considerable  force. 

38.  The  automatic  eut-out  in  tlic  electric  cranes  cuts  off  the 
current  in  one  case  at  3  tons  5  cwt.  and  the  other  at  10  tons  10  cwt., 
and  tliifl  device  prevents  an  overload  upon  the  crane.  Should  the 
current  fail  at  any  time  the  brake  on  tlu^  lifting  gear  is  applied 
atit/»matically,  and  will  hold  the  full  load  in  any  position  with 
^'a((*'-.     To  obtain  some  definite  idea  of  the  speeds  of  the  various 

'hen  working  under  ordinary  conditions,  tliey  werc^  tested 
et'parately.     The  steam  crane  had  a  load  of  2  tona  put  on,  and 
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this  was  lifted  30  feet,  slued  through  10G.5  feet,  lowered  30  feet, 
light  hook  lifted  30  feet,  shied  lOi;..")  feet,  and  light  hook  h)\vered 
30  feet.  The  total  time  for  these  operations  was  1  niin.  44:  sees., 
or  at  the  rate  of  34  cycles  per  hour. 

39.  The  hydraulic  cranes,  under  precisely  the  same  conditions, 
occupied  1  min.  40  sees,  per  cycle,  or  equivalent  to  30  cycles  per 
hour. 

40.  The  electric  cranes  did  the  same  work  in  64  sees,  per  cycle, 
or  56  cycles  per  hour,  and  this  is  capable  of  being  increased  be- 
yond even  this  point  witli  a  good  driver.  Therefore,  in  ordinary 
working,  the  electric  cranes  are  doing  50  per  cent,  more  work 
per  hour  than  the  hydraulic  or  steam  cranes.  On  actual  test  it 
was  found  that  the  electric  cranes  can  Ix'  ndeased  from  the  rails, 
traveled  30  fe<^t,  and  refixed  to  rail  in  3  minutes. 

41.  When  it  has  been  necessary  to  move  the  hydraulic  cranes 
to  suit  the  working  into  the  various  ships'  holds,  six  men  have  had 
to  be  called  one  hour  earlier  in  the  morning  to  set  the  four  cranes 
which  are  required  for  each  vessel.  With  the  electric  cranes  the 
men  have  not  to  be  called  earlier,  as  two  men  in  sunmier  and  four 
in  winter  can  disconnect  and  connect  up  four  cranes  in  15  minutes. 
In  winter,  on  frosty  nights,  four  men  have  been  employed  6  hours 
each  for  the  j)urj)os(*  of  keej)ing  fires  to  prevent  water  in  the 
cylinders  of  the  hydraulic  cranes  from  freezing;  on  the  other  hand, 
the  electric  cranes  have  had  no  need  of  this.  When  a  steam  crane 
had  to  be  got  ready  for  work,  the  driver  had  to  commence  one 
hour  earlier  in  order  to  obtain  steam,  whereas  the  hydraulic  and 
electric  cranes  are  ready  for  work  at  any  moment.  In  1003,  \\\wn 
the  steam  cranes  were  superseded  by  the  electric  cranes,  the  quan- 
tity of  traffic  dealt  with  at  this  dock  was : 

Tonn. 

Coal  and  coke  exported 259,740 

Mcrcliiiudise  ex j>ort€d 297,:{04 

Merchandise  imported 33,696 

Totiil r,90,74« 

42.  To  do  this  work,  the  quantity  of  coal  burned  at  the  now 
power  station,  wliich,  as  j)reviously  stated,  supplies  both  the  elec- 
tric power,  lighting,  and  hydraulic  power  water,  was:  3,42^  tons 
4  cwt.,  or  the  total  merchandise  worked  per  ton  of  coal  burned 
was  172.3  tons,  or  a  gain  of  47.2  per  cent. 
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TABLE    I. 
Work  Done  by  Hydraulic  Cranes,  MinDLESBOROUGir  Dock,  May  24,  1903. 

r     "i   crane  lifted  each  and  every  load  20  feet,  slued  through  a  hook  travel  of  1^3.5 
f,  .  !  -jt)  fift,  lifted  liijlU  chain  2(i  feet,  slued  back  through  a  hook  travel  of  lOii.S  feet, 

•i„,  ,,..,...,.  >..c  light  chain  20  feef.  thus  completing  each  cycle  of  evolutions. 


1 

No.  of 

Water 

Water 

Total 
Gallons 

No.  of      Capacity 
Crane,  i    of  Crane. 

Itails 
per 

No.  of 
Lifts. 

Gross 

Weight 

of  Rails. 

Meter 
Heading 

Meter 
Heading 

Lift. 

at  iStart. 

at  Finish. 

T. 

f. 

(?■ 

Lbs. 

1 

35  cwts.* 

5 

70 

100 

6 

1 

0 

34,280 

35,900 

1,620 

o 

5  tons. 

7 

50 

100 

11 

2 

12 

12,360 

15,280 

2,920 

3 

10    •• 

1 

50 

100 

16 

3 

24 

660 

3,610 

2,950 

4      35  cwts.  * 

5 

70 

100 

0 

3 

16 

150 

2,170 

2,020 

5 

35     ••      * 

5 

70 

100 

11 

2 

12 

110 

2,030 

1,920 

6 

5  tons. 

7 

50 

360 

99 

18 

0 

19 

100 

3,240 

3,140 

rirst  I 
of  T 

est  \ 

Is 

602 

5 

1 

27 

14,570 

One  lifting  ram,  10}  inches  diameter  x  (5  feet  3  inch  stroke. 

Two  ^luini:  rams.  .■)»  inches  diameter  x  3  feet  and  3  feet  8  inch  strokes. 

Pres>-ure  at  Crane  750  pounds. 

Slultiplying  iK)\ver.  K  to  1. 

Height  and  radius  of  jib  similar  to  5  ton  hydraulic  crane. 

Power  Station  Records  and  Costs. 


No.  of  Hydraalic 
Engine  at  work. 

Time  Started 
for  Te8t. 

Engine  Counter 
Reading  at  Start. 

Time  Finished 
for  Test. 

Engine  Counter 

Reading  at  Finish 

of  Test. 

No.  3. 

7  A.M. 

4,818,441 

2  P.M. 

4,829,455 

Work  Done  by  Hydraulic  Cranes,  Middlesborough  Dock,  May  24,  1903. 


No.  of 
Crane. 

Total  No.  of 

LlftM  at  2  Rails 

per  Lift. 

2i» 
17 
17 
2'J 
29 
17 

Gross  Weight  of  Pjiils. 

Water  Meter 

Reading  at 

Start. 

Water  Meter 

Reading  at 

Finish. 

Total  Gallons 
used. 

1 
2 

3 
4 
5 

/'.        r.         Q.      Lbs. 
17        1         3        4 
10       0        1       12 
10       0        1       12 
17       1        3        4 
17       1         3        4 
10       0        1      12 

35,900 
15.280 
3,610 
2,170 
2,030 
3,240 

30,600 
16,290 
4,630 
3,010 
2,780 
4,390 

700 

1,010 

1.020 

840 

750 

1,150 

188 

81       6        1      20 



6,470 

Sfcond  Part  of 
Teat. 

Total  No.  of  Lifts,  405. 

PuwfCR  Station  Records  and  CoBTB—{Co7Uimted). 


Total  Kevolo. 

tlOMIMde. 

14  4 

Total  Oalionn 
pumped. 

Total  (tallouH 

UMcd  by  Cranes 

as  above. 

Total  (Jallons 

MHcd  by  (.'upHtan 

an  measured  by 

Water  Meter. 

11,014 

59.002 
(diHpiaceinent) 

34.070 
(diHplaceriient) 

14,110 

MIDDLESBOROLUli  DOCK  ELKCTKIC  AND  HVDHALLIC  POW  KK  TLANT.       96^i 


TABLE    l.—Contmned. 
Work  Doke  by  HYDiiAULic  Cranes,  Middlksborougii  Dock,  May  24,  1903. 


No.  of 
Crane. 

Total  No.  of 

Lifts  at  4  Rails 

per  Lift. 

Gross  Weijrht  of  Rails. 

Water  Meter 

Read  in:;  at 

Start. 

Water  Meter 

Reailiii''  at 

Fiiii>li. 

1 
Total  GallonH 

U!*f<l. 

1 
2 
3 
4 
5 
6 

29 
17 
17 
29 
29 
17 

7'.        r.        Q.     JM. 
34       3      2        8 
20       0       2      24 
20       0       2      24 
34       3      2        s 
34       3      2        8 
20       0      2      24 

36,600 

1<1,2<»0 
4.630 
3.010 
2,7H0 
4,390 

37,310 
17.380 
5.600 
3,820 
3.540 
5,570 

710 
1.090 
1170 
810 
760 
1.180 

138 

162     12      3      12 

5,520 

Total  weight 

608       2      3      12 

Total  Gallons  used,  19.500. 

Power  St.ktion  Kecords  and  Costs — {Continued). 


Total  Gallons 

run  through 

Drain!!  as 

Measured. 


8,720 


Total  Gallons 

run  throuuh 

Momentum  Valvi- 

aj<  measured. 


2,100 


Total  Gallons 
accounted  for. 


Coal  burnt  dnrinj^  I  Ashes  and  Clinker 

7  Hour?*'  Teht  in     '    left  afttr  T«>st  in 

pountls.  (>ouDds. 


59,000 


3,-584 


830 


Work  Done  hy  Hydraulic  Cranes,  Middlesroroucmi  Dot  k,  May  24,  1903. 


No.  of 
Crane. 

Total  No.  of 

Lifts  lit  r»  Rjiils 

per  Lift. 

Gross 

Weight  of  Itoils. 

Water  Meter 

Rendini;  at 

Start. 

Wafer  Meter 

Rending  at 

Finish. 

Total  Gallons 
used. 

T. 

C.        (J.      Ux. 

1 

29 

51 

5        1        1> 

37.310 

37.090 

{\m 

2 

17 

30 

1       0         8 

17.3S0 

1H.4I0 

l.o:to 

3 

17 

30 

1       0         S 

5.«{00 

6.660 

1.060 

4 

29 

51 

5       1        1  -J 

3.H20 

4.640 

ftW 

5 

29 

51 

5       1        IJ 

:  1.540 

4.360 

820 

6 

17 

30 

1       0         8 

5.570 

6.770 

1.200 

138 

243 

19       1         4 

5.610 

Power  Stath)N  Records  and  Costs— (6'<>/</iwf/<'^/). 


Gallons  pumpi-d 

perrwt.  of  Coal 

burnt. 

Gallons  pumped 

per  rw'.  of 

Combustibles. 

Cont  nf  CobI 
at  Hm   H</. 
per  ton. 

ill  1'..' 

Uuri!  „  1 

t  tint  n"»"  *^'  -ret 

Nil 
dU:    ^    . 

1.844 

2,0:W 

£       ».       tt. 
0      13     2 

0      8     7.6 

£      $.      d. 
0      2      5 

62 
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TABLE   \.— Continued. 
WoHK  n»»NE  BY  Hydraulic  Cranes,  Middlksborough  Dock,  May  24,  1903. 


per  Liii. 

Gross  Weight 
of  Rails. 

Water 

Meter 

Reading 

at  Start. 

Water 

Meter 

Reading: 

at  Finish. 

Total 

Gallons 

used. 

Gross  Total 
Weight  of  Rails. 

Gross 
Total  No. 
of  (iallons 

used. 

No. 

of 

Crane. 

17 

17 

17 

T.      C.    Q.    Lbg. 

40     V     1     20 
•10     1     1     20 

4«)     1     1     20 

I's'.iio 

6.660 
'6,770 

10,440 
7,330 

'  7,970 

1,030 
670 

1,200 

T.      r.    Q.  Lhs. 
202  16   a  24 

200  15   0  20 

201  0   2    4 

202  11    2  12 

203  2   1     8 
200    1   2  27 

3.710 
7,080 
0,670 
4,490 
4,250 
7,870 

1 
2 

o 
o 

5 

6 

51 

l-.'O    4    1      4 

2,900 

1,210    8   1  11 

34,070 

Power  Statfon  Records  and  Costs — (Concluded). 


Total  station  Cost 
Total  Station     I  per  1.000  Gallons 
Co?t  during  Test.      pump«'d  during 
Test. 


d. 
2.6 


t.        d. 
0     4.92 


Capital  Charges 

during  Test 

(see  Statement 

below). 


Capital  Charges 

per  1,000  Gallons 

pumped  dnrinsr 

Test. 


Total  Cost 

at  Station 

per  1,000  Gallons 

pumped. 


d. 

0.82 


Work  done  by  Hydraulic  Cranes,  Middlesborougm   Dock,  May  24,  1903. 

CAPITAL   charges. 

Particulars  of  Capital  Charges. 

£       8.    d. 

Value  of  hydraulic  plant,  jCTt  5  per  cent,  interest  per  annum ]  .  ^^g  ^^  ^ 

fl7,787  19«.  lOd <  ((Up  5  per  cent,  for  repairs  and  depreciation  S 

Value  of  buildings  (pro-  j(^  5  per  cent,  interest  per  annum ]      ,.~q  \\  0 

portion).  £5,707  0«.  Orf.  /  ^^  5  percent,  for  repairs  and  depreciation  ) 
Kattffl  and  taxes  (proportion) 81  13  4 


£2.431  3«.  Ad.  -<-  365  days per  day 

i'6  i:^.  2d        ->-    24  hours per  hour 

0»  .V  Ct.TiHd.     /.      7  hours time  of  test 

£1  \>s».  lOrf.      H-    59.000  gallons per  1,000  gallons 


£2,431 

3  4 

£      8. 

d. 

6  13 

2 

5 

6.58 

1  18 

10 

7.9 

CO>*T    rj-.ri    1,000  FOOT-TONS. 

Cott  of  Poicer  per  1,000  Foot-Tons  of  Work. 

T  ■     dfalt  with 1,210.1  tons. 

'I  ••"  of  hydraulic  power  wat<T  used    34,070  gallons. 

'I  u'^.d  p*T  1  .OfK)  foot-tons  of  work 1 ,407 

Total  co«t  for  juiwiir  only  per  1 ,00^)  foottonH  of  work £0  1«.  M. 
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TABLE    II. 
Work   Done  by  Electric  Cranes,  Middlesborouoh  Dock.  May  ;{1.  1003. 

First  Part  of  Test. 


Capacity 

of 
Crane. 

No.  OF  Lifts  at 

Total 
No. 
of 

Lift?. 

Total  Weight 
of  Rails. 

Total 

No.  of 
Crane. 

4 

Rails 
per 
Lift. 

3 

Rails 

per 

Lift. 

2 

Rails 

per 

Lift 

5 

Rails 

per 

Lift. 

6 

Railtf 

j)er 

Lift. 

Rail<* 
per 
Lift. 

Bo:ird 

of 
Trade 
Tnits 
U8e<i.* 

I 
2 

I 

5 
6 

3  Tons. 
3      " 
3      " 
10      " 
3      " 
3      " 

60 
60 
60 

5 
5 
5 

5 
5 
5 

l5~ 

40 
40 
40 

120 

5 
5 
5 

5 
5 
5 

70 

70 
70 
50 
50 
50 

T.      r.     (J.    JJ^.  , 
102    9     0     12 
102    9     0     12 
102    9    0     12 
101  13    3     20 
101  13    3    20 
101   13    3     20 

1 

^75 

1 
J 

75 

To 

tals 

180 

15 

15 

15 

360 

612    9    0    12 

•  The  current  for  all  the  six  cranes  waa  measured  through  a  single  meter  at  the  end  of  the  Jetty- 
cable. 


Power  Statidn  Kkcords  and  Costs. 


No.  of 

Electric  Enjrine 

at  Work. 

Time  Started 
for  Test. 

Time  Finished 
Test. 

Meter  lieadin? 

at  Start  of  Test 

in  Board  of  Trade 

Units. 

Meter  Uindlnir 

at  Finish  of  Test 

in  Boanl  of  Trade 

Initj". 

No.  3. 
No.  3. 

A.M. 

8.30 

A.M. 

11.30 

A.X. 

10.45 

P.M. 

2.30 

180,080 
180.158 

180,158 
ISO.  344 

Totals 

Work  Done  ry   Electric  Cr.\nes,  .Mioi)li>rokoi(iii    I)«kk.  M.\y   31,   19l»3. 

Second  Part  of  Tent. 


Total 

Lift-  at 

2  Rails 

per  Lift. 


30 
30 
30 
17 
17 
17 


141 


Total  Weight 
ot  Rails. 


T.  ('.     Q. 

22  15  1 

22  15  1 

22  15  1 

12  IH  .. 

12  18  .. 

12  18  .. 


12 

12 

12 

4 

4 

4 


lo: 


0     {)     20 


Total 

Lifts  at 

3  Kails 

I)er  Lift 


30 
30 
30 
17 
17 
17 


14 


Tottl  Weight 

of  Itilih. 

Total 
Lifts  at 
1  Rails 
per  Lift. 

Total  Weight 
of  Rail^ 

1.  •  ,■ 

rj  H.iii- 
iH-rLift 

T.     f.    q. 
34      3     0 
34      3      0 
34      3      0 
19      7      0 
19      7      0 
19     7     0 

4 
4 
4 

c 
(( 

30 
30 
30 
17 
17 
17 

T.      r.    Q.   /7« 

45     10    2     24 
45     10    2     2» 
15     10    2     24 
25     16     0      8 
25     16    0      8 
25    16    0      8 

4 

4 
4 

160    10      1 

•1 

141 

214      0     1     13 

19 

Hi'MMAKY  OF  Skconp  pAiiT  OF  THE  Tkst  :     Eieclnral  •rmne-        Total   number  of  lift*,  471. 
Total  weik'ht  lifted,  filt!  tons  '.»  rwt.  I*.'  lb*.     Total  Board  of  Trad.-  i'l'iis  ii-.-.l   '•".! 


1H>()      MIDDLESBOHOrUH  DOCK  ELECTRIC  AXD  HYDRAULIC  POWER  PLANT. 

TABLE    U.—C(wfi7iue(1. 
Power  Station  Records  and  Costs. 


Total  Board 

««f  Trade  riiit«« 

used. 

T^t  1  n^„~^     !    Total  Boai*d 

Net  Total 

Board  of  Trade 

I'nits  used  by 

Electric  Cranes. 

Coal  Burnt 

during  Test 

in  Cwts. 

Coal  Burnt 

per  Hoard  of 

Trade  Unit 

in  Lbs. 

78 

186 

3 
3 

nil 
84 

75 
99 

12 
14 

17.3 
8.4 

264 

(i 

84 

174 

26 



Load  Factor,  7.3  per  cent.* 

•  This  fUrnre  represents  the  Load  Factor  in  proportion  to  the  three  electric  engines  working  at 
maximani  speed. 


Work   Done  by  Electric  Cranes,  Middlesrorouoh   Dock,  May  BT,  1903. 

Second  Part  of  Test. 


Total  Weight  of  Eailt>. 

Total  Lifts 
at  7  Rails 
per  Lift. 

Total  Weight  of  Rails. 

Total  Board 
Total  Weight  of  Rails,      of  Trade 
lUnitsused.* 

T. 

C.        If.      lJb». 

16 
16 

7'. 

34 
34 
34 

io 

10 
10 

2 

O 

2 

Lbs. 

14 
14 
14 

y. 

102 
102 
102 
101 
101 
101 

('. 

9 

J) 

9 

13 

13 

13 

% 

0 
0 
3 
3 
3 

Lbs. 

12 

12 

12 

20  1 

20 

20 

>l 

9 
9 
9 

2        0      1« 
2        0      16 
2        0      1« 

-  99 

27 

6       1     20 

39 

103 

11 

3 

14 

612 

9 

0 

12 

99 

•  The  rurreot  for  all  the  rix  cranes  wa*"  meanured  through  a  single  meter  at  the  end  of  Ww  jetty 
caMe. 

HrvMART  or  Hwosn  Paut  ok  tiik  Tk«t  :    Electrical  cranes.     Total  number  of   lifts,  474. 
TotkJ  weight  lifU-d,  C12  tOHH  9  cwt.  Yi  lbs.    Total  Board  of  Trade  units  used,  U9. 


Power  Station  Ukcordh  and  Costs. 


Average  Coal 

barrr*  —  ff-  -tr/1 
of 


11 


Anhfrti  and 

Cllnkem  l«'ft  on 

Conr|ii«ioii  of 

Test. 


0.      JJa 
2       0 


C'o-f  of  Coal 

at  Hm.  '.ill.  iwr  Ton 

during  Tent. 


JJjti.  £  M  ff. 

0        10         9 


Coft  <»f  Wat'CH 
Net  Time  of  Tent, 


t'.      f.  i1- 

0      6      5.7 


Oil  stores  and 

Water  during  Time 

of  Test. 


0  2  1 


MIDDLESBOKOL'GII  DOCK  ELECTRIC  AND  HYDKALLIC  TOWEU  I'LANT.       %7 


TABLE    II. -Continued. 
Work  done  by  Electric  Cranes,  MiDDLESBOROL'<m  Dock,  May  31,  1903. 

Sum  mart/  of  Tests 


Gross  Total 
WciiTht 

of 
Rails. 

Gross 

Total 

Board  of 

Trade  Units 

U!*ed. 

Re  marks. 

T.               ('.            Q.           IM. 
204           18           0          24 
204           18           0           24 
204           18          0          24 
203             7           3           12 
203             7           3           12 
203             7           3           12 

.      174 
174 

P^.arh  crnno  liftrd  oarh  au«i  ♦•vrry 
load  20  feet,  sliu'd  throupli   a  hook 
travel  of  103.5  feet,  lowered  load  20 
feet,  lifted  liplit  chain  20  feet,  slued 
back  through  a  hook  travel  of  103.5 
feet,  and  lowered  the  li^'ht  chain  20 
feet,  thus  completing  each  cvcle  of 

1224           18          0           24 

evolutions. 

Power  Station  Records  and  Costs. 


Total  Station 

('o^t 

dnrint;  time 

of  T«t*t. 


19 


(I. 
3.7 


ToUl  Station 

Cost 

per 

Board  of 

Trade  Unit. 


0.87 


Capital  ("harires, 

Dei)n'(iation, 

Interest, 

Kepairs. 

Rjitet>,  during 

T.St. 
Stt  Summary. 


9.75 


Capital  ('har;:fH 

p«r 

Boanl  «)f  Trade 

Unit. 


Tiit.ii  «  (i-t 

per 

Board  of  Trade 

Unit. 


ft. 
1.17 


(I. 
2.02 


Work  donk  ijv  Ki,k<i uk  (■r.\nes,  Middlesborou<;ii  Dorn.  .May  :51.  r.H)3 

capital  cnAiu;Ks. 
Partindars  of  Capital  Cfmrgefi 

Rates 

Value  of  bu 
£4.507 


£        *.    d. 
81  13  4 

450  14  0 


lildings,  j  (a  5  per  cent,  for  intrrcst ) 

\  ul  5  per  cent,  for  repairs  and  depreciation ^ 

Value  of  plant,  Urti  5  per  cent,  for  interest /  .  g,     .g  ^ 

£16.219 l(i(  5  per  cent,  for  repairs  and  depreciation )     '  * 


£2,154  5ff.  Ad.  -^  365  days .  .\*er  day 

£5  18«.  Or/.        -T-    24  hours jn-r  hour 

£0  4."?.  llrf.        X       5.25hr)urs time  •f  Wst 

£1  5*.  9.75d.  -i-  264    P<'r  Board  of  Tradr  unit 

COST    TKR    1,000   FtXlT-TONS. 

Cost  of  Potctr  per  1.000  Fot>t-  Ttm*  of  Wnrk 

Total  ton.s  dealt  witli 

Total  Board  of  Traile  units  used   

Total  unit.s  used  |>er  1.0<M)  foot-tons  of  work   

Total  cost  of  power  per  1,000  foot.ton«  of  work. . 


2,154 

5  4 

5  18 

d. 
0 

4 

11 

1     5 

9  75 

1.17 

1.224  9  ton«. 
174  uuilM. 
7.1  untt«. 
£0  U  2.:w. 


968     Mii)i)u;t>iiUKOLiiii  doik  laiiciiac  a^d  iiydkaulic  towkk  plant. 
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DISCUSSION. 

Mr.  E.  B.  Ellinf/ton." — ^fr.  Raven's  pnpor  regarded  as  a  record 
of  facts  is  a  most  useful  contribution  to  the  elucidation  of  a  sub- 
ject which  has  roused  considerable  controversy,  and  tlie  Institu- 
tion is  greatly  indebted  to  him  for  it.  It  is  not,  however,  easy 
to  obtiiin  data  which  are  really  com])arable,  and  Mr.  Raven's 
tigures  and  conclusions  are  open  to  criticism  from  this  stand- 
point. 

He  states  in  his  opening  remarks  .that  the  hydraulic  and  elec- 
trical apj)liances  at  the  ^liddlesborough  dock  ^'  are  Avorking  side 
by  side  and  are  all  thoroughly  up-to-date,  giving  an  excellent 
opportunity  for  judging  the  value  of  one  against  the  other  so  far 
as  economy  in  working  is  concerned."  But  this  statement  can 
only  be  applied  witli  accuracy  to  the  generating  plant  and  pos- 
sibly to  the  capstan.  With  regard  to  the  hydraulic  cranes  it  is 
stated  that  they  were  made  fifteen  years  ago.  In  no  sense  can 
these  Ik'  taken  to  be  comparable  with  the  very  perfect ' electric 
cranes  recently  erected. 

Fifteen  years  ago  comparatively  little  attention  was  paid  to 
the  economical  j)roduction  and  use  of  power  in  docks.  The 
hydraulic  system  had  ])roved  economical  as  a  whole,  but  there 
was  little  competition.  The  effect  has  been  that  a  very  large 
numlxT  of  hydraulic  api)liances  installed  are  uneconomical  as 
compared  with  what  it  is  possible  to  obtain  by  the  system.  AVhen 
electricity  for  these  i)urposes  became  available  an  entirely  dif- 
ferent set  of  conditions  arose.  In  order  tliat  the  electrical  system 
should  have  a  continued  success  it  is  essential  that  the  machinery 
nhouM  be  constructed  in  all  its  details  in  the  most  perfect  manner, 
.*o  as  to  reduce  the  serious  loss  of  cthciency  which  would  otherwise 
<K'Cur,  anrl  also  to  secure  that  ])erfection  of  control  and  safety  in 
118€  wliieh  has  been  the  special  characteristic  of  hydraulic  plant. 
Vmd  exanipl(>s  of  hydraulic  ciancs  arc  extravagant  in  power  and 
froijiienrly  work  at  slow  speeds,  hut  tlicy  arc  safe  and  not  costly 
to  maintain.  A  bad  cxaiiij)lc  of  an  elect  j-ic  ci-aiic  is  useless.  1  am 
not  now  conccnn'd  tr>  show  tlial  hydraulic  plant  i<  better  tlian 
electric  for  «lock  work.  Each  has  its  special  advantages, 
and  I  have  eknewliere  expressed  my  conviction  that  in  the  best 
efpiipped  cWk.s  of  the  future  both  systems  will  find  a 
place.  I»cal  conditif)ns  vary  so  greatly  that  a  great  deal  of 
variation    in    practice    is    probably    desirable.      In    some    casea 
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both  powers  will  be  wanted;  in  others  the  balance  of 
advantage  ^vill  be  in  favor  of  hydraulic  and  in  others  electric, 
according  to  the  circumstances  which  may  make  the  special 
advantages  of  each  system  predominate.  As  to  the  generating 
plant  at  Middlesborougb,  from  the  ])articulars  of  the  trials  it 
appears  that  the  mechanical  efhciencv  of  b<jth  is  practically  the 
same,  but  the  electric  ])lant  takes  )>.*]  per  cent,  more  coal  per  unit 
of  energy  produced.  There  is  no  record  (►f  tlie  results  of  working 
at  lower  load  factors  than  100  per  cent.,  witli  the  e.\ce])tion  of 
those  given  in  the  tables  wliicli  sliow  about  the  same  difference 
of  one-third  in  favor  of  hydraulics.  The  figures  are,  however, 
so  irregular  (17.3  poimds  to  8.4  pounds  coal  burnt  j)er  unit)  that 
they  are  of  little  value  on  this  point.  It  is  quite  certain  that  at 
low  load  factors  there  is  a  consi(k*rable  advantage  in  economy  of 
coal  consumption  in  the  hydraulic  system,  owing  to  the  nearly 
constant  load  on  the  engine  and  the  variable  speed,  as  compared 
with  the  variable  load  and  constant  speed  of  the  electric  j)lant. 
Indeed,  ^Iv.  Haven's  figures  indicate  this  as  the  1,S44  gaUons 
pumped  ])er  hundredweiglit  of  coal  form  a  larger  percentage 
of  the  maximum  of  5,0J)0  than  the  corresponding  figure  of 
11  pounds  of  coal  per  unit  is  to  the  equivah-nt  of  21.2 
])oun(ls  of  water  per  ek*ctrical  horse-])ower.  Jiut  tlie  figure 
1,S44  is  a  very  poor  result,  only  about  'M*  j)er  cent,  of  the 
nuiximum.  Even  under  very  favorable  conditions  of  load  fac- 
tor and  taking  long  periods  of  work,  it  shcjuld  not  be  less  than 
GO  per  cent,  i  have  obtained  al>ont  70  per  cent,  fn^m  one  year's 
end  to  the  other  with  worse  load  factors.  A  few  hours  test  on 
such  a  point  cannot  in  my  judgment  give  reliable  results,  because 
of  the  inqMjssibility  of  obtaining  correct  data  in  the  time.  Mr. 
Kaven's  figures  are  also  intluenced  to  a  very  great  extent  by  the 
fact  that  the  hydraulic  work  done  was  spread  over  seven  hours, 
and  the  electric  over  five  and  a  (piarter  hours.  lie,  of  course, 
explains  how  this  came  about,  but  the  explanation  oidy  shows  how 
little  up-to-date  the  hydraulic  cniiie  e«|uipnuMit  of  tlie  dock  is. 
Mr.  Uaven  uses  the  term  h)ad  factor  in  a  sense  which  deprives  it 
of  most  of  its  value.  The  proportion  of  the  actual  output  to  the 
capacity  of  the  plant  installed  tells  you  nothing  but  the  size  of  the 
Central  Station.  As  the  t<»tal  electrical  power  installation  is  twice 
the  size  of  the  hydraulic,  the  hydraulic  load  factor,  as  Mr.  lUven 
expresses  it,  is  necessarily  twice  the  electric  under  all  conditions  of 
equal  total  outj)Ut  in  a  given  time.    It  would  be  absurd  to  say  that 
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the  results  of  the  trials  given  on  pages  945  and  946  were  obtained 
with  a  load  faetor  of  33  per  cent.,  yet  that  is  so  in  the  sense  in 
which  ^fr.  Raven  nses  the  term.  The  load  factor  as  nsually 
understood  is  the  relation  between  the  actual  average  output  dur- 
ing the  time  to  the  maximum  output  at  any  instant  during  the 
time.  If  the  Central  Station  is  well  di\dded  into  imits  this  may 
approximate  to  the  ratio  of  the  average  output  to  the  maximum 
output  of  the  units  in  use.  Mr.  Raven  seem  to  think  that  if 
the  experiments  had  been  made  with  a  larger  number  of 
cranes  and  better  load  factors  the  saving  due  to  the  use  of  elec- 
tricity would  have  been  doubled,  i.e.,  from  25  to  50  per  cent. 
Of  this  there  is  no  proof.  The  load  factor  on  Mr.  Raven's  defini- 
tion depends  entirely  on  the  average  total  output  per  unit  of  time. 
This  would  increase  in  direct  proportion  to  the  number  of  cranes 
at  work,  and  the  ratio  of  the  hydraulic  and  electric  load  factors 
wouM  remain  constant.  I  assume,  of  course,  that  the  number  of 
cranes  in  u^  under  test  of  each  system  are  equal.  If,  however, 
the  station  plant  actually  running,  or  the  maximum  demand  on  the 
engines  actually  running  is  taken  as  the  basis  of  the  load  factor, 
then  within  certain  limits  the  greater  the  number  of  cranes  the 
greater  will  be  the  discrepancy  between  the  respective  load  factors. 
Thus,  suppose  the  number  of  cranes  in  use  is  doubled.  The 
maximum  electric  output  for  the  number  recorded  on  the  dia- 
gram is  nearly  350  amperes.  As  there  are  no  accumulators 
the  maximum  for  twice  the  number  would  be,  at  least,  550 
amperes,  the  powder  of  one  station  unit.  The  total  output  per 
hour  7nust  be  doubled;  therefore,  tlie  load  factor  is  increased  by 

350x2 
not  more  than     '—^- —  or  7  to  5L  or  sav  at  most  50  per  cent. 
ooO 

Now  in  the  case  of  hydraulics  the  ratio  is  (juite  different.     The 

maximum  within  the  limits  of  a  single  pumping  unit  is  the  same 

whatever  the  total  output.     The  engines  will  work  at  full  speed 

for  a  few  minutes  in  the  hour  or  for  many  minutes  approximately 

in  proportion  to  the  total  output.     If  the  nunibci*  of  cranes  in  use 

is  doubled,  the  total  output  is  doubled  also,  and  the  maximum 

being  the  same  the  load  factor  is  increased  in  the  ratio  of  two  to 

one  or  100  per  cent.    When  the  total  output  becomes  so  large  that 

several  pumping  engines  or  dynamos  are  required,  both  systems 

settle  down  to  a  characteristic  load  factor  for  each.     I  may  also 

piint  out  that  the  load  factors  of  the  two  diagrams  (Figs.  471  and 

47L'j  arc  almost  Wjual,  but  as  oije  is  for  4^  minutes  and  the  other 
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fur  7  hours,  and  as  the  oloctrical  diairraiii  perhaps  iiichuh's  the 
constant  lighting  load,  thev  are  liardly  coniparahle.  Am  1  right 
in  assuming  that  the  arc  lamp  ligliting  load  (page  96G)  was  con- 
stant during  tlie  three  hours  ^  The  electrical  figures  of  power 
costs  cannot  be  correct  for  the  current  used  for  the  cranes.  For 
the  cranes  alone  the  cost  works  out  at  more  than  three  pence  per 
unit.  A  mere  increase  in  outjiut  does  not  in  itself  improve  the  load 
factor  in  the  general  current  sense  of  the  term.  In  lyondon  the 
general  hydraulic  power  supply  load  factor  has  remained  j^rac- 
tically  constant  at  33  per  cent,  for  the  past  15  years,  though  the 
supply  is  now  more  than  900  (nine  liundred)  million  gallons  per 
annum,  and  has  multiplied  7  times  in  the  interval.  The  area  of 
supply  has  increased  about  three  times. 

Mr.  Kaven  has  failed  to  realize  that  the  load  factor  of  a 
hydraulic  central  station  ])lant  engaged  in  su])})lying  intermittent 
demands,  must  always  be  higher  than  that  of  an  electric  station 
doing  the  same  work,  owing  to  the  intluence  of  the  hydraulic 
accumulator.  There  is  a  further  point  which  affects  the  results 
on  which  I  hope  Mr.  Kaven  will  give  some  additional  infonna- 
tion.  There  has  been  installed  at  Middlesborough  about  1,000 
electric  horse-power  and  about  r)00  hydraulic  horse-power.  The 
total  lx>iler  plant  is  thus,  say,  1,500  horse-j)ower.  On  what  basis 
has  he  made  the  apportionment  of  the  total  cost  of  the  station? 
So  much  depends  on  that  and  on  the  ai)portionment  of  the  total 
running  cost.  Does  he  take  into  account  the  cost  of  the  cranes? 
However,  ^Ir.  Kaven's  relative  figures  are  2d  per  unit  and 
Is  per  1,000  gallons,  an<l  indicate  that  the  cost  of  the  hydraulic 
energy  delivered  into  the  mains  is  less  than  the  electric.  I'lidi-r 
these  circumstances  one  would  exjx'ct  to  find  that  when  the 
hydraulic  power  is  a]iplie<l  to  lifting  operations  this  initial 
advantage  would  be  more  than  maintained.  I>ut,  Mr.  liaven 
considers  from  the  results  of  his  experiments  that  this  initial 
advantage  of  the  hydraulic  system  not  only  <iisappears,  but  is  con- 
verted into  a  disadvantage  of  at  least  25  per  cent.  The  figures 
given  are  not  sufficiently  complete  to  1m'  able  to  state  positively 
the  efhciences  of  the  machines  test<Ml,  but  froui  the  8tat<'d 
power  of  the  motors  in  the  case  of  the  3-ton  electric  cranes, 
it  would  seem  that  the  electric  cran«'s  have  an  estimated  efficiency 
of  about  60  per  cent,  at  full  load,  while  the  trial  efficiency  at  full 
load  (2.74  units  per  1,000-foot  tons)  was  only  about  28  per  cent. 
The  5-ton  hydraulic  crane  had  an  estinuite<l  efficiency  of  only  58 
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per  cent.,  aiul  tlioro  aro  no  figiiros  available  as  to  aetual  results 
obtained  with  full  load.  As  the  efficiency  of  hydraulic  machines, 
i.e.  the  ratio  of  useful  work  done  at  full  load  to  power  expended, 
onlv  falls  below  70  por  cent,  in  ill-designed  cranes  of  the  class  dealt 
with  in  the  paper,  it  is  difficult  at  lirst  to  see  exactly  the  reason 
for  the  results  which  Mr.  Uaveu  has  experienced.  But  in  tabk' 
1,  it  is  recorded  that  100  tons  was  dealt  with  by  one  of  these 
cranes  (Xo.  G),  with  an  expenditure  of  3,140  gallons  of  water. 
A  similar  crane  (Xo.  2)  does  the  same  Avork  with  2,920  gallons. 
The  same  \\ork  is  done  by  a  1^")  hundredweight  crane  (Xo.  1)  with 
an  exj)enditure  of  only  1,620,  and  another  35  hundredweight 
crane  (Xo.  4)  takes  2,020  gallons.  Such  variable  results  give  a 
very  weak  basis  to  work  u])on.  I  have  known  meters  to  be  wrong, 
but  it  looks  here  as  if  the  cranes  were  at  fault.  Moreover,  a 
o-tnn  single  ])ower  crane,  lifting  loads  of  two  tons  cannot  show 
well  in  such  a  calculation.  It  is  quite  evident  that  if  really  effi- 
cient cranes  suitable  for  the  work  had  been  used,  the  work 
rwurded,  in  'J'al)le  1,  d  sc(j.,  could  have  been  done  with  half  the 
consumption.  It  is  curious  to  note  however  that  on  the  basis  of  cal- 
culations adopted,  the  only  effect  on  the  power  station  costs  would 
have  been  a  very  unim])ortant  diiference  in  the  cost  of  coal.  It 
would  have  been  interesting  to  have  had  the  same  detail  as  to 
the  power  used  in  the  ek^ctric  cranes  (Table  2),  but  the  total  con- 
sumption alone  is  given.  It  has,  I  think,  been  well  established 
by  past  experience  that  there  is  only  a  snuill  annual  saving  to  be 
effected  by  small  economies  due  to  using  |)lant  of  variable  power, 
unless  it  is  accomj)anied  by  a  diminution  of  niuxiiniiin  demand  aixl 
dimiuislicd  station  ])lant. 

Probably  the  most  imj)oi1ant  j)oint  to  determine  in  order  to 
form  a  correct  opinion  as  to  the  relative  economy  of  hydraulic  and 
electric  dm-k  plant,  is  the  relative  ])ower  recpiired  at  the  central 
station.  When  once  that  lias  been  installed,  t\\v  cost  per  1,000 
gallons,  or  tiie  cost  pcv  unit  will  i-ise  and  fall  with  the;  total 
output  over  a  given  time,  but  tln^  total  cost  will  remain 
aftproxiniatcly  equal  whatever  tlie  out|)ut,  within  the  limits  of  the 
minimum  and  maximum  demand  in  the  sanu^  time.  The  economic 
advantage  which  Mr.  Raven's  figures  show  for  the  electric  system 
would  disappear  if  hydraulic  cranes  had  been  tested  which  were 
of  the  same  maximum  power  as  the  electric,  an«l  if  they  had  been 
constructed  to  do  the  wr>rk  in  the  same  time  with  reasonable 
t-fficiency.     Speed  of  wr»rking  is  only  a  (juestion  of  requirements, 
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though  probal>ly  hvdraiilic  cranes  and  lifts  can  he  worked  at 
a  higher  speed  than  electric  without  sacrificing  safety.  In  the 
case  of  the  Middlesborough  docks  the  best  possible  use  appears 
to  have  been  made  of  the  electric  energy  transmitted,  while  the 
same  cannot  be  said  of  the  hydraulic  energy,  and  in  my  judgment 
no  conclusions  of  a  general  character  can  with  any  a<l vantage 
be  drawn  from  them  as  to  the  relative  economy  in  the  use  of  the 
two  systems. 

^fr.  John  Barr/' — "Referring  to  page  O.")!  of  the  paper,  I  might 
ask  whether  when  lifting  the  em])ty  hook  with  the  heavy  power 
of  10-ton  hydraulic  crane,  the  whole  three  rams  were  used? 
If  so,  then  the  efficiency  would  naturally  be  small  in  such  case. 

Referring  to  the  same  crane  at  foot  of  same  page,  the  sluing 
is  done  by  gearing  driven  by  a  small  ordinary  4  cylinder  capstan 
engine.  Had  the  sluing  been  done  ])y  sluing  cylinders,  the  re- 
sult would  probably  have  been  much  more  economical. 

Might  I  ask  whether  in  making  u])  the  Capital  Cliarges,  page 
255,  the  sums  taken  include  the  whole  j)lant  in  including  value  of 
the  cranes  and  capstans  themselves,  or  if  the  sums  include  only  the 
cost  of  generating  ]dant  in  both  cases. 

It  would  add  t(>  the  value  of  the  paper  if  the  approximate 
first  costs  were  given  for  hydraulic  and  electric  cranes  of  the 
same  power;  also  of  capstans. 

There  is  the  vital  (juestion  of  maintenance  of  cranes  and  cap- 
stans. Presumably  the  electric  cranes  have  been  in  us(^  for  a 
very  few  years,  whih^  the  hydraulic  have  been  iifti'en  years  in 
use,  and  evidently  in  first-<dass  condition  even  now.  It  may  be 
too  »oon  to  give  data,  but  it  would  be  interesting  to  know  relative 
costs  of  maintenance. 

If  the  hydraulic  capstans  are  of  the  twin-turn-over  type,  they  arc 
very  easily  got  at  for  n'pairs.  The  electric  capstans  do  not  appear 
to  be  of  the  turn-over  type,  and  may  be  rather  awkwanl  in  case  of 
repairs.  There  is  no  reason,  however  why  they  should  not  be 
so  made. 

iS'(>t  having  had  an  opportunity  of  seeing  the  electric  cranes 
described  at  work,  the  matter  <»f  general  smoothness  and  freedom 
from  vibrati<»n  and  noise  cannot  W(dl  be  gauged  from  description 
given  in  the  paper;  l>nt  it  W(udd  be  interesting  to  know  how  the 
action  of  the  two  ty|)es  of  cranes  compare  generally,  and,  if  the 


♦MonilMTof  tho  Institution  of  Mpclinnlral  Rngrine^re. 


l)7l>       MinnLESBOROrOH   IHXK   KI.KCTUir  A\D  TTYDT^AT'LTC  POWFU  PLAXt. 

electric  crancj^  trivo  tlio  same  smooth,  quiet,  imobtnisive  work  as 
hvdraiilic  is  so  well  known  to  do. 

At  the  micklle  of  pagv  JHU  we  are  told  it  takes  six  men  to  move 
the  hydranlic  eranes  into  position  for  work  in  the  morning.  Why 
ought  this  to  be^  In  other  words,  why  furnish  the  electric  cranes 
\Wth  power  motors  for  travelling  i)urposes  at  lavish  cost,  and 
denv  the  same  privilege  to  hydraulic^  Hydraulic  cranes  can  be 
and  are  moved  along  (piite  readily  by  a  hydraulic  engine  and 
gearing. 

So  far  as  the  tests  under  varying  loads  are  concerned,  the  com- 
parison would  seem  to  be  a  very  fair  one.  Indeed  an  analysis  of 
the  tests  shows,  I  think,  that  the  average  of  the  tests  gives  50  per 
cent,  of  full  load  for  electric  cranes,  and  about  58  per  cent,  for 
hydraulic  cranes,  which  is,  of  course,  in  favor  of  electric  in  the 
comparison.  It  is  well  known  that  the  principal  advantage  of 
electric  power  is  found  with  light  loads,  the  power  given  out 
being  approximately  in  proportion  to  the  load  being  lifted.  On 
the  other  hand,  the  eh»ctric  plant  at  generating  station  must 
necessarily  have  large  margin  to  meet  sudden  demands,  and  in 
consequence  a  smaller  load  factor,  this  is  a  matter  of  necessity  and 
not  a  set-off  to  the  advantage  of  electric  power  as  hinted  at  in 
the  paper.  On  the  other  hand,  the  hydraulic  pumping  plant  when 
at  work  is  wf)rking  against  full  load,  pumping  into  the  accumula- 
tor, even  altliough  the  pumps  may  be  working  only  a  small  propor- 
tion of  their  time.  It  follows  in  consequence  that  an  electric  power 
station  must  have  a  imicli  larger  reserve  of  power  tluni  in  the 
cafte  of  hydraulic,  as  rlic  hydraulic  accumulator  acts  as  a  reservoir 
into  which  the  engine  can  be  pum})ing,  while,  for  the  time  being, 
no  water  may  be  in  course  of  being  drawn  off  for  cranes. 

The  author  of  the  paper  having  made  the  study  of  electric 
power  a«  applied  to  dock  aj)plianees  his  own,  he  may  be  pardoned 
for  being  perhaps  a  little  jjrejudieed  in  favor  of  electric  power. 
This  preference  afipears  in  various  parts  of  the  ])ap('r,  notably  at 
foot  of  page  1*55,  where,  after  demonstrating — to  his  own  satis- 
faction at  least — tliat  the  total  saving  effected  by  ihe  electric 
eranes  was  25  per  cent.,  goes  on  to  "  ci^timate,"  in  his  own  hope- 
ful way,  "  that  the  total  gain  would  have  been  50  per  cent."  if 
eertain  conditions  had  been  eomph'ed  with.  Ihit  the  fact  is  that 
tiir  'ji]<-tion  of  maintenance — neglected  in  the  |)aper,  might  make 
all  the  difference.  Then  again,  why  should  the  author  in  Table 
3  go  out  of  hia  way  to  point  out   the  immense  advantage  of 
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electric  power  when  running  a  capstan  light.  lie  might  with 
equal  justice  have  put  it  the  other  way  about  and  quoted  the 
opposite  instance  of  the  greater  efficiency  of  hydraulic  i)owcr 
with  the  capstan  heavily  loaded. 

That  there  is  a  great  field  for  electric  power  in  dock  work, 
especially  in  countries  where  frost  prevails,  no  one  will  dispute. 
Both  kinds  of  power,  hydraulic  and  electric,  have  their  own 
special  field.  ^fany,  however,  will  still  he  unconvinced — the 
figures  in  the  paper  notwithstanding — that  taken  on  all  fours 
there  is  any  gain  in  economy  to  be  found  by  using  electric  in  pref- 
erence t©  hydraulic  power. 

The  thorough,  painstaking  and  careful  manner  in  which  the 
facts  for  both  ele<?tric  and  hy<lraulic  power  for  dock  work  havelx*en 
put  before  the  meeting  in  this  excellent  paper,  which  must  prove 
to  a  great  extent  a  standard  for  future  reference,  warrants  our 
heartiest  appreciation  and  best  thanks, 

Mr.  Alfred  Sa.voti  *  said  it  seemed  to  him  that  the  critics  ha«l 
taken  an  Knglish  view  of  the  questi<ui,  and  not  an  American  view. 
It  was  not  a  question  merely  of  the  saving  between  electric  power 
and  hydraulic  power.  It  was  the  saving  by  the  dock  authorities 
and  bv  the  railway  authorities  and  bv  the  ship  owners.  Too  much 
had  been  made  of  the  newness  of  the  (dectric  ])lant  in  comparison 
to  the  hydraulic  plant,  whi(di  was  old  and  not  up  to  date,  but 
other  important  features  of  saving  had  accrued. 

Ml.  William  Ferfjusoti,*  of  \V(dHngt«>n,  New  Zealand,  wrote 
that  he  had  read  the  ]);iper  with  much  interest.  'I'he  following 
points  seemed  to  him  to  show  that  the  hydraulic  tests  were  not 
<piite  what  they  ought  to  luive  been.  Out  of  .")!),()()()  gallons  pumpe<l 
only  34,070  were  used  for  cranes,  and  14,100  gallons  for  capstans, 
whilst  22^  per  cent,  of  the  power  generated  was  wastecl;  S,7(K) 
gallons  going  to  waste  through  drains,  and  2,100  thriuigh  mo- 
mentum valve.  This  would  seem  to  point  out  either  that  the 
engine  ])ower  was  excessive  for  the  load  and  that  to  keep  the 
engines  moving  it  was  n(H*essarv  to  run  to  wast«'  through  engine 
relief  valves  and  accumulator  moinentmn  valves,  or  that  the 
engines  were  n«»t  in  an  efficient  state  of  repair.  In  either  cas4» 
the  result  would  probably  mean  an  enhanced  cost  per  1,000  gal- 
lons of  hydraulic  water  utili/<Ml.  lie  n«»ticed  that  cost  of  repairs 
and  maintenance  was  set  down  at  5  per  cent,  for  b<»th  eh'ctric  and 
hydraulic  installations.     If  the  cost  of  electric  plant  repairs  and 

♦  Member  of  the  TnBtltntton  of  MerhftnlrAl  Enjrineers. 
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maintonanco  were  raised  hy  IJ  per  cent,  to  say  Of  per  cent.,  the 
capital  chariTOs  would  equal  that  set  down  for  the  hydraulic  plant, 
notwithstandinir  that  a  larger  item  for  building  was  charged 
against  hydraulic  (]u-obal)ly  correctly  so  as  the  accumulator 
house  woultl  be  additional  to  the  ordinary  engine  and  boiler 
house  buildings).  Xo  doubt  electric  plant  would  cost  more  than 
♦I'J  per  cent,  to  maintain  as  compared  Avith  5  per  cent,  for  hydraulic. 
Though  drawings  were  given  of  the  5  and  10-ton  hydraulic  cranes 
no  particulars  were  given  of  the  35-hundredweight  cranes.  The 
implication  was  that  they  Avere  similar  to  the  5  and  10-ton  cranes, 
that  is  of  the  Tannett  AValker  type,  with  large  roller  path.  He 
had  always  understood  that  this  type  gave  difficulty  in  connec- 
tion with  the  slewing  gear.  Whether  this  was  so  or  not.  in  this 
ca.se  the  three  »]5-hundredweiglit  cranes  did  not  sem  to  have  been 
in  e<pially  good  condition  of  service.  The  following  abstract  of 
tlio  V(dume  of  water  u^ed  doing  eipial  work  is  taken  from  the 
pajxr: 

Crane  No.  1.  No.  4.  No.  5. 

Gallons,  page  902 1,620  2,020  1,920 

••      962 700  840  750 

"      9G3 710  810  760 

'•      !»6:i 680  820  820 

3,710        4,490        4,250 

That  similar  cranes  doing  identical  Avork  vary  in  consumption 
from  :5,710  to  4,4JK)  gallons  or  over  20  per  cent,  was  inexplicable, 
and  this  matter  should  be  cleared  up.  AVhilst  in  the  electric 
tests  five  sets  of  experiments  were  tried  with  3-ton  cranes  and  one 
with  a  10-ton  crane,  in  the  hydraulic  tests  two  out  of  the  six  series 
were  tried  with  a  5-ton  crane,  whose  trial  load  in  the  first  test  was 
only  40  per  cent,  and  in  the  second  trials  averaged  only  29  per 
cent,  of  the  nominal  j)o\ver  of  the  crane.  Taking  the  35-hundred- 
woiglit  crane  tests  alone,  which  liad  a  reasonable  factor  of  working 
to  total  eapacity,  the  volume  of  water  used  would  be  reduced  from 
1,407  gallons  to  1,022  gallons  ])er  1,000-foot  tons,  which  Avould 
bring  the  cost  down  from  Is.  (U\.  to  Is.  Id.  ])er  1 ,000  foot  tons, 
and  this  notwithstanding  the  great  discrepancy  in  the  volume  of 
water  used  by  the  tlireo  cranes  under  trial  and  consequent  doubt 
thrown  on  the  results. 

J/r.  Haven* — ^Ir.  Kllington  seems  to  raise  objection  to  com- 
'  hydraulic  cranes  which  were  put  down  15  years  ago  with 

*  Author's  closure  under  the  Rules. 
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electric  cranes  of  modern  construction;  the  whole  of  these  cranes, 
except  one,  are  of  exactly  siniihir  (lesi«in  t<>  those  iM'iiii:  erected  at 
the  present  date;  the  reniainin«!:  one,  is  of  10  t<»ns  cai)aeit_\,  and  is 
certainly  an  up-to-date  crane  so  far  as  lifting  power  is  concerned; 
it  has  three  powers,  fitted  with  three  cylin(h'rs.  The  revolving 
motion  is  obtained  by  a  rotary  engine  for  the  reason  that  the 
traffic  department  require  the  crane  to  revolve  right  around  when 
necessary  without  returning  over  the  same  ground.  All  these 
cranes  were  in  perfectly  good  re])air. 

I  quite  agree  with  ^Ir.  Ellington  that  there  are  uses  to  which 
each  class  of  machinery  is  specially  adapted  in  dock  work;  all 
overhead  cranes,  elevators,  etc.,  for  constant  work  should,  in 
my  opinion,  be  electric,  but  for  underground  machinery,  such  as 
dockgate  capstans,  etc.,  where  there  is  damp  to  contend  with, 
hydraulic  machinery  may  possibly  have  an  advantage.  In  having 
electric  machinery,  the  same  power  station  can  supply  light  for  the 
docks,  stations,  offices,  etc.,  and  this  has  many  advantages. 

^fr.  Ellington  takes  exception  to  the  load  factor  of  the  engines 
when  working,  but  it  is  simply  shown  as  tlie  work  done  by  each 
engine  in  proportion  to  the  maximum  capacity  <^f  ea(di  installation. 
lie  also  criticises  the  remarks  made,  that  if  a  better  load  factor 
had  been  obtained  for  the  (dcctric  engines  the  saving  due  to 
electricity  would  have  been  double(l. 

From  observations  made  at  the  power  station,  I  find  that  very 
little  more  coal  is  HMpiired  to  run  the  engines  at  a  heavy  load 
than  that  recjuired  for  a  light  load.  The  first  and  second  parts 
of  the  electric  crane  tests  power  station  costs  and  record  slieets 
will  prove  this  if  referred  to,  as  they  sliow  that,  whereas  it  took 
12  hundredweights  of  coal  to  generate  7H  units  at  light  loads,  only 
2  hundredweight  more  were  rcipiireil  to  produce  186  units  or 
156  per  cent.  mor<'  power  at  the  heavy  loads,  and  this  would  go 
on  reducing  the  coal  consumption  until  the  inaxiinuni  of  the 
engine  was  reached. 

Tlie  arc  lamp  lighting  was  constant  during  thr  tiin-r  liom-s' 
tests  mentioned. 

The  power  station  and  buildings  in  conne«'tion  therewith  luive 
been  app(»rtion(Ml  in  projiortion  to  the  area  HMpiireil  for  eacli  in- 
stallation. Kach  installation  was  a  separate  contract;  two  Iniilers 
were  included  in  the  hy<lraulic  contract,  and  four  in  the  electric. 
The  cost  of  the  cranes  was  not  taken  into  consideration  at  all. 

AVith  regard  to  the  efficiency  of  two  machines  of  equal  lifting 
68 
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|>ower,  1  made  a  so})arato  tost  of  tlic^  tliroo  power  10-ton  crane  as 
ai^ainst  the  10-ton  elertrii'.  Kaili  eranc  made  live  complete  cycles 
with  a  2-ton  load,  then  a  further  series  of  five  evolutions  with 
4,  G,  8  and  10  tons,  and  in  dong  this  the  hydraulic  crane  required 
3S, 495, 100-foot  pounds  of  energy,  whereas  the  electrical  crane 
only  retpiired  21,(»r)(),f')00-fo(^t  ])()un(ls,  all  conditions  being  e(]ual. 

We  find  that  with  tlie  electrical  cranes  tlie  quantity  of  work 
dealt  with  per  ton  of  coal  burnt  has  increased  from  117  to  172 
tons,  or  a  net  gain  of  47  ]Hn'  cent.,  and  this  is  the  point  we 
have  to  consider. 

With  regard  to  ^Ir.  John  Barr's  queries,  only  the  center  ram 
was  used  for  lifting  the  light  hook. 

With  the  10-ton  crane,  as  already  explained,  there  is  a  special 
reason  for  employing  an  engine  for  the  revolving  motion.  If 
cylinders  were  used,  there  would  no  doubt  be  a  saving  of  20  per 
cent,  in  water,  l)ut  you  would  not  be  able  to  revolve  right  around, 
and  this  our  traffic  department  considers  necessary. 

The  caj)ital  charges  on  page  255  only  refer  to  the  cost  of  the 
generating  j)huit  in  both  cases. 

So  far  as  we  have  at  present  been  able  to  discover  there  is 
practically  no  <lifference  in  the  cost  of  maintenance  as  between 
the  electric  and  liydranlic,  but  I  think  it  is  too  soon  yet  to  give 
data.  There  is  very  little  difference  in  the  general  smoothness  of 
working;  the  gearing  of  the  electrical  cranes  being  machine  cut 
and  running  in  an  oil  bath. 

Neither  the  hydraulic  n(;r  electrical  capstans  are  of  the  turn-over 
t>-pe;  we  have  a  strong  objection  to  them,  as  we  have  had  several 
instances  where  they  have  come  open  and  serious  accidents  have 
hap|K*ned,  in  some  cases  limbs  having  been  broken. 

With  regard  to  the  moving  of  liydranlic  ci-anes,  even  with 
engine  and  gearing  they  cannot  Iw  travelled  so  (piickly  as  electric 
on  account  of  the  heavy  walking  pipes. 

We  find  in  practice  that  as  we  have  no  accnmulator  in  the 
electrical  Hystem  tliat  50  per  cent,  moi-e  engine  power  is  recpiired 
at  hand  to  meet  sudflen  demands  than  is  n(;cessary  for  the 
hydranlic  plant,  Init,  on  the  other  hand,  the  cost  of  hydraulic 
engincH,  accumulator,  and  adrlitional  hnildings  must  be  set  oflF 
agairiBt  thw,  and  prf»bably  more  than  eonntcrhalanecs  it. 

Mr.  Barr  fails  to  recognize  that  capstans  are  run  light  for  at 
leaiit  50  per  cr-nt.  of  their  working  time,  therefore  the  point  cer- 
tainly required  showing. 
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I  am  sorry  that  I  should  have  convoyod  to  Mr.  Barr's  mind 
that  I  was  prejudiced  in  favor  of  electric  power. 

I  have  had  a  great  number  of  years  experience  on  the  North- 
eastern Railway  with  all  kinds  of  hydraulic  dock  nuichinery,  and 
considered  that  we  had  at  Middlesborough  an  exceptional  oppor- 
tunity of  comparino;  electrical  with  hydraulic  machinery  for  dock 
work.  I  therefore  instituted  a  number  of  tests  as  near  as  possible 
under  similar  conditions,  which  have  been  placed  before  the  insti- 
tution, and  I  have  judged  only  upon  the  results  of  these  trials, 
which  I  hope  may  be  found  of  value  to  some  other  as  well  as  mv- 
self. 

Mr.  Ferguson  points  out  that  22^  per  cent,  of  the  power  gen- 
erated was  wasted;  on  the  day  the  tests  were  made  no  other  work 
was  being  done,  and  consequently  the  engine  power  was  excessive 
for  the  load,  and  to  keep  them  moving  and  obtain  the  best  results 
the  water  in  excess  of  crane  requirements  was  run  to  waste;  but 
he  seems  to  have  entirely  lost  sight  of  the  fact  that  the  most 
economical  point  of  working  is  when  the  engines  are  running  at 
full  load;  and  that,  as  the  load  is  reduced,  the  cost  of  power  water 
increases  pro  rata;  and  therefore,  so  far  from  the  running 
of  the  engines  being  detrimental  to  the  cost,  it  was  an  advantag^e, 
as  the  cost  per  1,000  gallons  was  reduced  thereby.  The  cran(»s 
were  only  debited  with  the  cost  of  water  actually  used.  The 
engines  were  practically  new  and  in  excellent  order. 

With  regard  to  the  reuuirks  in  connection  with  the  percentage 
of  loads  to  the  maximum  power  of  cranes,  on  looking  into  this 
matter,  T  find  that  though  Mr.  Ferguson  jxiints  out  the  average 
load  lifted  by  the  5-ton  hydraulic  cranes  was  only  about  .'54  per 
cent,  tjiking  both  tests  together,  he  fails  to  point  out  that  the  load 
factor  of  the  '^^-hundredweight  hydraulic  crane  for  the  total  tests 
average  7'^  per  cent.,  and  against  this  the  electric  cranes  (»f  .*^t^ns 
ca]>acity  only  average  47.^  per  cent.,  and  this  works  out  in  favor 
of  the  hydraulic  cranes. 
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REFUSE   DESTRUCTION   BY   BURNING,   AND    THE 
UTILIZATION    OF   HEAT    GENERATED. 

BT  C.   VKWTON    RrsSELL,   BOROUGH   ELECTRICAL  ENC.INEER,   METROPOLOLITAN  BOROUGH  OF 

PHOREDITCH,   LONDON. 

(Member  Institution  of  Mechanical  Engineere.) 

1.  The  important  question  of  how  best  to  destroy  towns'  refuse 
or  garbage  is  now  occupying  the  minds  of  many  engineers  and 
public  officials;  and  all  who  are  responsible  for  the  public  health 
and  sanitation  are  agreed  that  where  possible  the  refuse  should 
be  destroyed  by  fire.  This  opinion  is  evidenced  strongly  by  the 
fact  that  the  old  systems  are  disappearing,  and  already  most  towns 
of  importance  have  plants  for  burning  garbage. 

2.  The  problem  of  disposing  of  towns'  refuse  has  exercised  the 
minds  of  those  connected  with  the  municipal  affairs  for  many 
years.  The  old  system  of  tipping  it  on  vacant  plots  of  lands  is 
doomed,  as  it  is  now  generally  recognized  that  in  order  to  deal 
\\'ith  the  problem  in  a  really  satisfactory  manner,  other  points 
must  be  considered  besides  ease  and  cheapness  of  disposal.  The 
most  important  requirement  is  that  the  refuse  should  be  disposed 
of  in  a  sanitary  manner;  and  whatever  method  of  destruction  is 
rlecided  upon,  this  should  take  first  place  in  its  consideration. 
In  tin's  paper  the  author  deals  only  with  domestic,  or  house  refuse, 
which  com^ists  of  house  and  shop  sweepings,  kitchen  refuse,  market 
sweepings,  and  oflFal,  and  with  what  is  known  as  trade  refuse;  he 
drjos  not  refer  to  the  disposal  of  sweepings  from  macadamized  or 
wrxnl-paved  roads,  except  when  the  sweepings  nre  in  a  dry  condi- 
tion. 

.*>.  The  kinds  of  refuse  just  enumerated,  if  left  for  a  few  days, 
fennent  and  quickly  Ixeome  not  only  offensive,  but  djingerons 
to  health.     Those  who  have  more  than  ordinary  oppr)rtnnities  for 

•  Prwi«jt*?<l  at  the  f'liicajro  me»*ting  (May  and  June,  1004)  of  tlie  American 
Srjciety  of  Mechanic*!  Eng^ineere,  and  forming  part  of  Volume  XXV,  of  the 
jyarncutiont. 
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observing  the  nature  of  the  materials  that  go  to  the  dust  heap 
will  agree  that  the  only  satisfactory  way  to  deal  with  town  refuse 
is  to  burn  it  as  quickly  as  possible.  It  is  much  more  expensive  to 
burn  refuse  than  to  shoot  it  on  the  land ;  but  the  hygienic  benefit 
derived  by  tlio  latter  method  is  of  such  evident  and  incalculable 
value  to  the  public  health  that  the  matter  of  cost  is  of  secondary 
importance. 

4.  The  subject  of  destnictors  arranged  to  dispose  of  refuse  ap- 
pears to  have  first  been  dealt  with  seriously  by  Mr.  Alfred  Fryer 
more  than  twenty  years  ago;  in  fact  it  may  safely  be  said  that  the 
destructors  of  to-day  are  the  result  of  that  gentleman's  foresight. 
A  very  interesting  paper  on  "  Dust  and  Ashes  "  was  written  by 
him  as  far  back  as  1887,  and  shows  that  he  was  then  fully  alive  to 
the  possibilities  and  future  usefulness  of  the  destructor.  It  de- 
scribes the  trouble  encountered  in  dealing  with  refuse  even  twenty- 
five  years  ago,  and  the  difficulties  met  with  then  are  the  same  as 
we  now  have  to  deal  with  in  a  more  acute  form.  Mr.  Fryer,  in 
order  to  prove  the  old  saying  that  there  is  nothing  new  under  the 
sun,  reminds  his  readers  that  in  remote  times  the  fires  of  Tophet 
received  the  burnable  refuse  of  Jerusalem. 

5.  The  general  arrangement  and  efficiency  of  steam-raising 
destructor  plants,  as  we  know  them  to-day,  have  consich^rably 
improved  during  the  ])ast  eight  years.  In  181)7  plants  were  in 
operation  at  Oldham,  Warrington,  Liverpool,  Leyton,  Cambridge, 
etc.,  and  in  several  parts  of  London ;  since  then  the  number  has 
increased  considerably.  The  results  from  these  installations  show 
conclusively  that: — (1)  In  England  the  refuse  has  sufficient  calor- 
ific value  to  enable  it  to  be  easily  burned  without  the  addition  of 
coal  or  any  other  kind  of  ])urchased  fuel;  (2)  The  gases  produced 
contain  a  great  amount  of  energy  in  tlie  form  of  lieat  wliich  can  bo 
Mtili/ed;  (:})  The  refuse  of  <:i(Ii  Incnlifv  li;i^  ;i  f;iirlv  constant 
calorific  value. 

'J'he  advantages  or  disadvantages  of  tlie  various  forms  of 
destructor  furnaces  that  liave  l»een  erect^'d  have  bren  pretty  well 
thrashed  out  by  other  writers.  Each  maker  claims  sonie  a<ivantiigp 
over  his  rivals,  but  the  fact  remains  that  all  successful  destructors 
hiivo  furnaces  o|>erating  on  practically  tlie  same  principle,  the  only 
difference  being  in  detail^.  Similar  results  are  «»btained  from  the 
destructors  erected  by  different  makers,  eacli  claiming  su|H'riority. 

6.  The  main  object  of  this  pap^r  is  t^  treat  the  practical  side  of 
the  questiuii  rather  than  the  various  types  of  destructors,  and  as 
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fiill  particulars  and  statistics  may  be  derived  from  printed  pub- 
lications, the  author  proposes  to  describe  fully  the  works  with 
which  he  is  associated.  The  plant  in  question  is  owned  by  the 
^[otropolitan  Borough  of  Shoreditch,  London,  and  was  opened  in 
June,  ISO 7.  The  works  were  about  the  largest  of  their  kind,  and 
contained  many  new  features,  some  of  which  even  now  are  subject 
to  criticism.  Before  the  works  were  built  most  of  the  domestic 
and  market  refuse  was  carried  in  barges  by  the  canal  which  passes 
through  the  Slioreditch  area  and  dumped  on  waste  land  in  close 
proximity  to  the  London  suburbs.  The  problem  of  dealing  with 
the  refuse  under  the  new  conditions  was  entrusted  to  Mr.  E. 
Manville,  of  the  firm  of  Messrs.  Kincaid,  Waller  and  Manville, 
consulting  engineers  of  Westminster,  and  the  contractors,  who 
erected  the  destructor,  were  Messrs.  Manlove,  Alliot  &  Co.,  of 
Xottinghara. 

7.  The  Shoreditch  area  which  adjoins  the  City  of  London  con-  I 
tains  640  acres,  and  had  in  1897  a  resident  population  of  124,000.  I 
Land  was  very  valuable,  and  it  was  necessary  to  purchase  and 

pull  down  all  property  near  the  center  of  the  area  in  order  to 
obtain  a  suitable  site.    Eventually  a  suitable  place  was  purchased,  - 

upon  which  was  erected  an  electric  generating  station,  refuse  ^ 
d<-tructor,  baths  and  wash-houses,  and  a  free  library.  The  area  1 
allotted  to  the  destructor  works  was  18,450  square  feet,  costing 
about  13s.  per  square  foot.  The  space  at  disposal  being  so  limited, 
it  was  impossible  to  have  an  inclined  roadway,  up  which  the  wagons 
loaded  with  refuse  could  be  taken  to  be  tipped  directly  on  the  top 
of  the  furnaces,  which  is  the  tisual  practice.  It  was  therefore 
df-<'i(le<l  to  put  in  lifts,  to  raise  the  refuse  to  the  to])  platform. 
TIk-  destructor  and  boiler-house,  Fig.  473,  is  separated  from  the 
•  1«  ctric  generating  station  by  fire-proof  doors. 

8.  The  destructor  house  contains  two  batteries  of  three  Bab- 
ccxrk  Wilcox  water-tube  boilers,  each  having  two  refuse  furnaces 
fonc  placed  on  either  side  of  the  boiler),  while  the  ordinary  coal 

\U'  immediately  under  the  boiler  tubes  is  provided  as  an 

i.iary  for  use  if  required.     A  complete  set  thus  consists  of  one 

•iler  and  two  furnaces,  P'ig.  474.    The  hot  gases  from  the  refuse 

furnaces  pass  through  .short  side  flues  and  immediately  come  in 

*  with  the  boiler  tubee.    The  gases,  after  passing  round  the 

U)iier  tabety  find  their  way  into  one  of  the  main  Hues,  then  to  the 

economizer,  and  thence  to  the  shaft.     The  grates  of  the  refuse 

fomacee  are  5  feet  wide  and  5  feet  from  front  to  back,  and  are 
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inclined  at  25  degrees  to  the  horizontal.  The  refuse  furnace  bars 
are  of  the  stationary  t\'pe,  and  are  built  up  of  wrou^^ht-iron  wedge- 
shaped  strips  in  sections  2  feet  6  inches  long  by  3  J  inches  wide,  and 
about  4  inches  deep.  The  grate-area  of  each  boiler  furnace  is  27 
square  feet,  the  heating  surface  being  1,300  square  feet. 

9.  The  refuse,  when  received  at  the  works,  is  shot  into  one  of 
two  lifts,  rig,  477,  each  provided  with  a  tipping- truck.  Figs.  475 
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to  477,  wliicli  is  niii  off  the  lift  as  soon  as  it  n^aches  the  top  plat- 
form, Fig.  47S;  the  truck  runs  iipmi  rails  and  is  ojH'ratctl  mi  thr 
trolley  system.  The  refuse  is  then  tipped  into  special  charging 
trucks,  Figs.  475,  470  an  47s,  worked  by  chain  gearing,  one  of 
wliieh  is  ])rovided  for  each  furnace. 

10.  The  average  amount  of  refuse  ri'eeived  per  day  is  about  S5 
tons  (one  ton  =  2,240  pountls),  aud  tliis  is  delivered  between  0 
a.  m.  and  5  p.  m.,  but  the  amount  varies^  considerably;  in  suinmor 
it  may  be  as  low  as  00  tons,  and  in  wintor  as  high  as  140  tons. 
As  it  is  found  impossible  to  get  the  supply  at  a  regular  rate,  it  is 
advisable  to  provide  storage  spaee  to  cope  with  e.xtra  large  de- 
liveries.    This  is  done  at  Shoreditch,  where  a  large  rectangular 
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iron  stora^re  bin,  Fip:s.  475  and  476,  holding  about  60  tons  of 
refuse,  is  fixed  under  the  tipping  platforms. 

11.  The  lifts  and  tip-trucks  are  worked  entirely  by  electricity, 
and  are  found  to  act  well.  The  average  aanount  of  electric  energy 
consumed  by  the  lifts  and  trucks,  taken  upon  a  total  of  25,000 
tons  of  refuse  (over  a  year's  working),  is  0.52  kilowatt-hour  per 
ton,  the  greater  portion  of  which  is  expended  on  the  lifting  opera- 
tion.    The  record  time  taken  to  deal  with  a  load  of  refuse  shot 
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into  the  lifts,  raised  to  the  top  platform  and  tipped,  and  the  empty 
trunk  returned  to  the  starting  })oint,  is  seven  minutes,  the  average 
time  l)eing  about  nine  minutes.  This  is  an  important  factor  in 
-idf-ring  new  plants,  as  unless  sufficient  lift  accommodation  is 
jTMvidcd  a  considerabhi  loss  of  time  results  from  kcc^ping  the 
dust  vans  waiting.  It  is  found  that  the  vans  in  which  tlie  dust 
is  colh-eted  usually  arrive  in  bat<:!hc*s,  and  unless  ample  provision 
ifl  made  for  rapidly  shooting  the  garbage  delay  occurs.  The  cost 
of  repair»  to  the  lift  and  tipping-truck  part  of  the  equipment  is 
very  small. 

12.  The  charging  trucks  are  of  the  square-box  pattern,  made  of 
nuld  steel,  of  suflBcient  capacity  to  hold  one  cartload  of  refuse, 
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and  are  divided  vertically  into  five  compartments.  Each  compart- 
ment holds  about  500  pounds,  the  usual'  amount  of  one  charge  of 
the  furnace.  The  char<iing-door,  or  opening,  Fig.  478,  is  of  the 
horizontal  pattern,  and  is  operated  from  the  top  platform  by  chain- 
gearing,  worked  by  hand. 

13.  To  charge  a  furnace  the  truck  is  drawn  into  position  so  that 
one  of  the  compartments  is  inunediately  over  the  horizontal  door; 
the  act  of  opening  allows  the  false  bottom  of  the  truck  to  fall,  and 
the  refuse  drops  into  the  1)ack  portion  of  the  furnace,  Fig. 
475.  However,  as  the  refuse  is  not  sorted  in  any  way,  but  is 
dealt  ^vith  exactly  as  it  is  received  in  the  van,  it  occasionally  hap>- 
pens  that  large  articles,  such  as  bags,  boxes,  tins,  etc.,  prevent  the 
whole  of  the  charge  from  falling  at  once  on  to  the  drying-hearth, 
Fig.  474,  in  which  case  it  has  to  be  pushed  down  with  rods. 
The  charging-trucks  enable  ordinary  refuse  to  be  passed  from  the 
carts  to  the  furnace  ^^'ithout  handling,  and  are  of  the  kind  in  use  at 
Liverpool  and  other  places  which  are  worked  on  Messrs.  Boulnois 
and  Brodie's  svstem.     It  is  not  found  advisable  to  emplov  this 

x  I  < 

system  of  charging  for  straw,  paper,  sawdust,  or  any  such  light  and 
inflammable  material,  owing  to  its  tendency  to  catch  fire  during 
the  operation  of  charging  and  before  it  can  be  shot  into  t\\v  fur- 
naces. It  is  found  more  convenient  and  safer  first  of  all  to  shut 
off  the  air-blast  and  feed  the  refuse  in  question  through  the  front 
of  furnace,  the  blast  being  turned  on  again  when  the  grate  is  well 
covered.  Each  furnace  is  provided  with  both  steam-jet  and  forced- 
air  blast.  In  the  author's  experience  the  latter  has  been  found 
preferable. 

14.  The  forced-air  blast  is  provided  by  three  Sturtcvant  fans, 
each  designed  to  give  8,000  cubic  feet  of  air  jK'r  minute,  and 
driven  direct  by  a  shunt-wound  electric  motor  at  a  speed  of  1)50 
revolutions  per  n^inute.  The  three  fans  are  not  used  continuously, 
the  full  number  being  only  put  to  work  during  \]w  time  yf  heaviest 
load.  The  inlet«<  tn  the  fan<  are  connected  with  air-«lucts,  Fig. 
47<i,  that  draw  the  Imt  air  fmiii  the  top  platform  of  the 
destructor;  the  three  fans  are  connectecl  to  a  connimn  di'«*harge- 
duct,  which  is  led  underground  to  the  asli-pits,  the  <lraught  to  each 
being  cunt  rolled  by  a  separate  air-valve,  Fig.  47().  The  air-|)ressure 
in  the  discharge-duct  at  the  fans  is  3  inches  head  of  wat<'r,  while 
that  in  the  ash-pits  is  slightly  less  than  1  inch.  Even  with  the  lat- 
ter comparatively  low  pn'ssure  the  temperature  obtained  in  the 
furnaces  often  exceeds  2,000  degrees  Fahr.     It  is  interesting  to 
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note  the  comparatively  great  amount  of  energy  (4  units  per 
ton)  absorbed  by  the  electrically  driven  fans,  a  matter  which 
is  open  to  improvement.  The  works  are  run  on  the  8-hour- 
sliift  system,  seven  days  per  week,  so  that  some  of  the  fans  are 
al\va\'s  at  work;  in  fact,  they  run  for  weeks  without  a  stop.  A 
direct-coupled,  electrically  driven  fan  is  an  ideal  arrangement 
from  a  mechanical  jwiut  of  view,  and  one  which  experience  shows 
to  require  very  little  attention. 

15.  In  order  to  give  an  indication  of  the  temperatures  reached 
in  steam-raising  destructor  plants,  the  author  has  collected  from 
time  to  time  a  number  of  articles  which  have  passed  through  the 
furnaces,  from  which  it  appears  that  such  metals  as  cast-steel, 
cast  and  wrought  iron,  copper,  brass,  etc.,  frequently  reach  a 
molten  state.  The  furnaces  have  now  been  in  daily  use  for  six 
years,  and  it  is  interesting  to  find  that  the  fire-bars  are  even  now 
in  good  condition,  and  show  very  little  sign  of  deterioration. 

16.  The  fire-brick  linings  of  the  furnaces  are  found  to  last  well, 
and  do  not  often  rccjuire  renewing ;  repairs  are  occasionally  neces- 
sary in  connection  with  the  fire-brick  arches,  principally  on  account 
of  damage  done  by  stoking  irons.  A  somewhat  novel  system  of 
storing  hot  feed-water  is  in  use  (sometimes  called  thermal  storage). 
The  reason  that  led  to  its  adoption  was  that,  at  the  inception  of 
the  combined  scheme,  it  was  not  thought  that  for  some  time  at 
least  the  demand  for  electric  current  would  be  very  great,  and 
that  during  the  hours  of  daylight,  when  refuse  was  of  necessity 
bf?ing  burned,  it  was  feared  that  some  of  the  heat  would  be  lost, 
owing  to  the  small  demand  for  steam. 

17.  It  was  therefore  decided  to  instal  Ilalpin's  Thermal  Storage 
«v«tom,  with  a  view  of  storing  up  heat  in  the  fonn  of  water  at  a 

;_!i   t^Mnjierature,  Figs.  475   to  477.      The  storage  vessel  was 

originally  connected  t/)  the  main  lin(^  of  steam-pipes,  with  a  view  to 

it  being  ^a«bially  filh'd  ])y  ]>uiii})ing  in  cold  feed-water,  which 

would  be  heaU;d  by  means  of  spare  heat  generated  in  the  refuse 

furnaces  during  the  daytime.    The  intention  was  that  a  portion  of 

*^  "  steam  rainc-d  in  tlie  boilers  of  the  destructor  plant  would  be 

1  as  required  for  the  engine  driving  the  electric  generators, 

.  the  balance  passed  over  to  the  thermal  storage  vessel,  where 

it  wnnid  part  \nth  its  heat  to  the  feed-water.     The  engines  were 

d  to  have  adjustable  cut-oiTs,  so  as  to  drive  their  full  load 

V  -  1  ;  r-    -ure  varying  from  200  pounds  to  120  pounds  per  square 

inch.     The  object  aimed  at  was  to  fill   up  the  thermal  storage 
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vessel  at  times  of  low  load  with  water  at  a  temperature  corre- 
sponding to  a  pressure  of  200  pounds  per  square  inch,  and  at  the 
time  of  greatest  demand  for  current,  imt  only  frc*!  the  Ijuih-rs  fmu) 
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the  storage  tank,  Imt  hy  tlic  cvaporatinn  <»f  tlie  h«.t  water  as  the 
pressure  fell  steam  would  he  given  otT  to  augment  tiuit  supplied  by 
the  ordinary  boilers.  The  pn»eess  would  prcK-eed  until  the 
pressure  reached  the  lowest  point,  i.f.,  120  {KDunds,  by  which  time 
it  was  thought  that  the  time  of  nuiximum  demand  would  have 
passed,  and  that  the  ordinary-  boilers  would  be  able  to  coik>  with 
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tlio  loiul.  The  dottoil  ciivlcs  tihowii 
positions  j)r«>viilo(l  for  additioual  vessels  if  required.  This  ac- 
counts for  the  ])rovision  of  heavv  structural  ironwork,  which  has 
since  proved   unnecessary,   also  the   extensive   system   of   steam 
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inam.-4.  in  pracuce  iliin;;s  worked  out  very  differcMitly.  First  it 
w?'-  ^'vnd  that  pumping  cr>hl  water  into  the  vessel  into  wliicli 
hi  -iure   Hteani   wa.s   being   admitted    caused    such    a   water 

h..  iiig  that  the  practice  had  to  be  discontinued  fortliwith, 

and  it  waa  found  nccesHary  to  ymrtially  lieat  tlui  fo(*d-water  by 
pajifling  it  through  a  Green's  economizer  before  putting  it  into  the 
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thermal  storage  vessel;  tliis,  however,  cffoftively  got  over  the 
difficulty.  Secondly,  by  the  autumn  of  1807  the  demand  for 
steam  during  the  daytime  had  reached  nearly  the  limit  of  heat  it 
was  possible  to  get  from  the  refuse  furnaces;  so,  having  nothing 
to  spare  from  that  source,  no  additi<)nal  thermal  storage  vessels 
were  necessary. 

18.  The  boiler-feed  is  now  furni.slied  by  a  Weir  jmmp,  which 
forces  the  cold  water  through  a  Green's  economizer,  wliere  it  is 
heated  to  a  temperature  varying  with  the  load,  although  at  liglit 
loads  a  maximum  temperature  of  250  degrees  Fahr.  has  been 
reached.  The  feed  then  passes  into  the  thermal  storage  vessel, 
Figs.  475  to  477,  fixed  at  a  level  of  al)out  20  feet  above  the  boilers. 
This  vessel  is  simply  a  cylindrical  shell,  oO  feet  by  S  fi-et,  which 
is  used  for  storing,  during  the  hours  of  light  load,  hot  water  with 
which  the  boilers  are  fed  directly  by  gravity. 

10.  Most  of  the  lime  in  feed-water  comes  do"wn  in  the  feed- 
storage  vessel;  the  amount  taken  out  of  the  vessel  after  a  run  of 
seven  months  was  little  short  of  one  ton  after  being  drietl.  The 
depoj^it  in  the  economizer  tubes  was  less  than  1-10  inch  in 
thickness;  it  was  of  a  harder  nature  than  that  in  the  feed-storagf 
vessel,  and  could  be  removed  by  a  semper.  The  boilcr-tulx'S  were 
frequently  examined  and  were  found  fairly  clean,  the  deposit  in 
the  tubes  amounting  to  an  average  of  3-32  indi. 

20.  This  system  of  feed-storage  has  undoubtedly  contributed 
considerably  to  the  success  of  the  plant  generally;  it  enables  the 
engineer  in  charge  of  the  steam-raising  j)lant  to  st^re  liot  feed- 
water  during  al)out  eighteen  hours  out  of  the  twenty-four,  so  that 
at  the  time  of  maximum  load  the  vessel  is  about  two-thinls  full  of 
feed-water  at  a  pressure  and  temperature  equal  to  that  of  tiic 
boilers.*  Tests  have  been  made  on  several  occasions,  when  the 
demand  for  electricity  has  been  within  the  range  of  the  refuse 
furnace  to  supply  the  necessary  heat,  and  wlien,  of  course,  no  coal 
was  us('(l.  The  results  sliowed  0.05  pound  of  water  evaporated  at  a 
steam  ])ressure  averaging  130  pounds  for  1  pound  of  refuse 
burned.  A  considerable  reduction  must,  however,  be  made  in 
these  figures  when  taken  over  say  twelve  months.     Dam])  weather 


♦  For  full  (h'tiiils  of  'riM-nnul  Storn^o  Systi-m  n-^  np|»li«Ml  U*  onliimry  nU-ani 
raising  plants^  si'p  Puimt  oh  "  Kconomy  of  Furl  in  Klrrfrir  (iftuTntinj:  Stntion?*.'* 
by  H.  McLaren,  M.  I.  Mech.  E,.  Proceedings,  liiMtituliou  of  Mechanical  Kn^cineera. 
29  July,  1908. 
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(which  affects  the  quality  of  the  refuse),  low  barometric  pressure, 
choked  tiues,  warped  doors,  the  starting  up  of  furnaces,  etc.,  may 
easily  bring  down  the  average  results  over  a  lengthy  period  to  0.5 
pound  of  water  for  1  pound  of  refuse  burned.  The  existing  vessel 
has,  however,  proved  most  serviceable  for  the  storage  of  hot  feed- 
water,  and  as  a  means  of  removing  the  impurities  from  the  feed- 
water  before  it  reaches  the  boiler.  The  economizer  was  not 
erected  until  some  time  after  the  works  were  opened,  as  it  was  not 
anticipated  that  the  temperature  of  flue-gases  would  warrant  its 
insertion.  However,  after  the  plant  had  been  running  steadily  for 
some  time,  and  careful  tests  had  been  taken,  it  was  found  that  the 
flue-gases  at  the  base  of  the  chimney  had  a  maximum  temperature 
of  700  degrees  Fahr. 

21.  Adjoining  the  refuse  destructor  and  electro-generating  sta- 
tion are  situated  the  public  baths  and  wash-houses,  which  con- 
t^iiu : — 

1  swimming  bath,  100  feet  by  40  feet. 
1  "  "        75  feet  by  34  feet. 

76  slipper  bath. 
50  troughs  for  clothes  washing. 

22.  Tlie  exhaust  steam  after  leaving  the  engines  (non-con- 
densing) in  the  generating  station  is  carried  by  a  16-inch  pipe  to 
the  baths,  Fig.  470,  where  it  is  put  through  heaters  which  supply 
all  the  hot  water  necessary  for  the  whole  of  this  large  institution. 
Live  steam  is  also  supplied  direct  from  boilers  for  clothes  boiling, 
et<!. 

23.  This  scheme  for  heating  the  whole  of  the  baths  and  wash- 
houses  has  proved  eminently  successful,  and  has  excited  a  great 
amount  of  interest  among  municipal  authorities.  No  charge  what- 
ever i.s  made  to  the  baths  for  any  exhaust  steam.  A  charge,  how- 
ever, of  not  fjuite  £250  (or  $1,250)  per  annum  is  made  for  the 
live  steam.  The  arrangement  is  a  very  economical  one  for  the 
Tiaths  Department,  and  worthy  of  serious  consideration  in  cases 
wlicff?  exhaust  steam  is  available.  The  Free  Li])rary,  situated 
('\irM'  hv,  is  hfatfd  by  exhaust  steam  from  the  feed-])umj)s. 

24.  The  ani'Mint  of  refuse?  destroyed  is  betwecni  25,000  and 
20,000  iima  f>er  annum.  The  residue  (or  clinker)  amounts  to  from 
33  to  35  per  cent,  of  the  weiglit.    The  cost  for  labor  for  burning 

refuse  is  very  hi^li,  compared  with  that  at  other  destructor 

ntfl,  and  is  one  of  the  most  serious  factors  for  consideration. 

i  ae  nearer  a  destructor  is  to  the  center  of  a  large  city,  the  greater 


1 
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will  be  the  wage  bill,  antl  this  fact  must  be  borne  in  mind  in  con- 
sidering any  new  scheme  : — 

IVr  ton. 
^     d. 
Cost  for  handling  aiul  burniii^r  refuse,  including  yard  men — averago  '3     6 

Clerks  and  establishment  charges 0     4^ 

Repairs  and  maintenance  of  cells  and  plant  and  cost  of  engineering  stores.   0  10 

Total 3     8i 

25.  The  average  number  of  men  employed  in  actually  han«lling 
the  refuse  (per  shift  of  8  hours) : — 

Furnace  men 4 

Top  men 3 

Lift  men 1  i 

V      1            /I  I           .  oi-  davtime  onlv. 

1  urd  men  (laborers) 2) 

Foreman  in  charge  of  shift 1 

The  above  figures  are  for  the  fifth  year's  working,  when  con- 
siderable repairs  were  necessary  to  the  furnace,  linings,  <l<»ors,  etc. 

The  works  are  run  on  the  eight-hour-shift  system,  seven  days 
per  week. 

26.  The  amount  of  electric  energy  consumed  in  the  ])urning 
and  handling  of  2."), 000  tons  of  refuse  is  as  folln\v< : — 

I  iiit*  pt*r  tons. 

Electric  fans   4.0 

lifts  aiul  trucks 0.5 

lighting 0.48 

Total 1.98 

The   cost   of    the  destructor,    including  furnaces,    flues,    buildii'gs,   /  £15,000  or 
portion  of  cost  of  chimney,  constructional  ironwork,  etc f  f^j  (^^ 

The  cost  of  chimney  was  €2,700,  two  Ihirds  of  which  was  charge<l  t<>  }  aj.^  nrQ 
the  destructor  and  one-third  to  the  electric  generating  «irparlnient.  \ 

The  residue  from  I.niidou  refuse  consists  of  ;ipj)r(»ximately — 

r«T  ceoi.  of  n-f une. 

Common  clinker , 80 

Fine  ash 3 

Flue  du.st 0.5 

Old  tins  and  iron 0.5 


Total 34 

27.  The  disposal  of  clinker  when  pnMluced  at  work.s  situated 
in  the  center  of  hirge  cities  is  a  ditHcult  and  ex|)ensive  matter — it  is 
usually  found  impracticabh*  to  use  more  than  a  small  portion  for 
slab  and  mortar  making.  The  greater  portion  has  to  \iv  removed 
in  vans  to  the  outskirts  of  the  city.  This  in  the  ease  of  Shore- 
<liteh  costs  2s.  or  50  cent.s  per  t«>n  of  clinker,  and  should  be  taken 
fi4 
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into  account  in  tlie  total  cost  for  disposal.  When  building  opera- 
tions, road-making,  etc.,  are  going  on  extensively  in  the  neighbor- 
hood the  clinker  from  refuse  destructors  is  of  considerable  value. 
When  ]>roperly  treated  it  nuiy  be  made  into  most  excellent  paving 
slabs,  bricks,  concrete  and  mortar. 


jTEAM    STORAGE    CYL.  "  ' 


CHitrhLY 


LXMAUST    "f  STt/ 


eXHAUST     ^   STEAM 
to   PUBLIC   8A1HS  A  WASH  HOUSES. 


Fir..  479.— Pi^N  8H0WIXO  Pipes. 

St«am-pipe«  made  of  Steel.     B<»il«r-Feed  pipen,  of  Cast  Iron.    Steum-pipes  to  Pumps,  of  Copper. 

28.  No  [>aper  on  refuse  destructors  would  be  complete  without 
refc-rence  to  the  utilization  of  (dinker  for  slab-making,  etc.,  and 
the  author  gratefully  acknowledges  his  indebtedness  to  Mr.  E.  J. 
Ixjvpji^ove,  Borough  Engineer  to  the  Horsey  Borough  Council, 
l/mdon,  for  the  results  of  his  experience,  extending  over  a  number 
of  years.  Mr.  Lovegrove  says  that  rough  clinker  forms  one  of  the 
frir -f  flasses  of  hardcore,  as  it  provided  a  drainage  bed  so  that  the 
«•  of  the  road  was  kept  drier  than  was  the  case  with  other 
clashes  of  foundation.  As  a  concrete,  mixed  in  pi-oportion  of  one 
of  rement  to  five  of  clinker  Ccarc  being  taken  to  have  a  sufficient 
amount  of  fine  ash),  it  was  superior  tf)  what  was  generally  con- 
sidered in  T^ondon  the  l>e8t  class  of  concrete,  viz.,  that  composed 
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of  one  part  of  Portland  cement  to  five  parts  of  Thames  ballast;  it 
was  tougher  and  less  subject  to  cleavage.  This,  on  soils  such  as 
clay,  where  the  ground  was  subject  to  expansion  and  contraction 
and  the  buildings  to  settlement,  was  a  very  iiiij)<)rtant  factor,  which 
should  not  be  overlooked.  The  same  remark  ap})lied  to  the  use  of 
the  ground  clinker  as  a  motor.  ^Ir.  Lovegrove  had  also  used  the 
material  for  plastering  and  rendering  to  a  somewhat  large  extent; 
but,  while  it  made  a  very  hard  plaster,  there  was  one  defect  which 
showed  itself  to  a  greater  or  less  extent,  namely,  that  after  the 
plastering  or  rendering  had  been  finished  for  a  few  months,  signs 
of  blowing  had  occurred,  causing  small  circular  flaws  about  ]  to  ^ 
inch  in  diameter  in  the  face  of  the  ])laster;  on  examiniuij:  these  thev 
appeared  to  be  due  to  minute  ])artich's  of  iron  in  the  clinker.  In 
cases  where  this  occurred  the  small  places  were  cut  out  and  made 
good,  and  no  further  trouble  was  experienced.  At  the  same  time, 
he  considered  it  advisable  to  call  attention  to  this  risk,  particularly 
when  the  rendering  was  used  for  water-tight  tanks. 

29.  Very  successful  tar  paving  could  be  made  by  crushing  the 
clinker  and  sifting  it  to  the  various  sizes  required  for  the  bottom 
and  top  dressing,  and  this  could  be  laid  at  a  cost  varying  {roui 
Is.  6d.  per  square  yard  to  Is.  Od.  i>er  square  yard,  according  to 
the  distance  of  cartage  from  the  W(»rks.  It  aj)pcared  to  ecjual  in 
durability  the  ordinary  granite  tar  j>aving,  but  it  was  not  suitable 
for  j)aths  where  the  foot  traffic  was  heavy.  The  use  of  the  clinker 
for  making  paving  slabs  was  not  new.  Many  of  the  earli<*r  lunul- 
made  slabs  were  faced  with  granite,  thus  losing  one  of  the  great 
advantages  of  the  clinker  slab,  namely,  the  non-slipperiness  nf  its 
surface.  The  adoption  of  the  hydanli<*  pre?^  hatl  done  away  with 
the  necessity  for  granite  facing.  These  presses  Iia<l  Immh  in  use 
for  some  time,  particularly  at  Liverpool  and  Bootle,  bnt  at  present 
the  only  machine  of  the  kind  in  use  in  or  near  I^ondon  was  that 
belonging  to  the  Tlornsey  Council.  The  slab  produced  was  even 
in  texture  and  non-slippery  in  wear,  the  effect  of  heavy  f« H»t-tra tfic, 
after  four  to  five  years,  being  practically  imperceptii)h',  so  that  it 
comi)ared  very  favorably  with  other  manufactured  |)aving  slabs, 
and  the  cost  of  prodnction  was  considerably  less  than  one-half  the 
cost  of  ordinary  granite  concrete  paving.  The  clinker  <lraiwn  from 
the  refuse  furnaces  was  ground  in  a  mortar-mill  «lriven  by  8t4*ani 
obtained  from  the  destructor  boilers,  and,  after  Ining  sifted 
through  a  ^-inch  s<imire  mesh  sieve,  was  mixed  with  I*ortlan«l 
cement   in   the   proportion   of  two   of  ground   clinker   to  one   of 
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cement.  The  concrete  was  then  phiced  in  strong  iron  travelling 
moulds  and  run  by  hydraulic  power  under  the  hydraulic  press, 
which  exerted  a  pressure  gradually  increasing  up  to  IJ  tons  per 
Sijuare  inch.  The  slab  remained  under  pressure  for  about  three 
minutes,  when  it  w^as  removed  from  the  mould  and  placed  on  a 
rack  to  dry  under  cover  for  about  a  week,  and  was  then  stacked 
in  the  open  until  required  for  use,  it  being  found  that  after  three 
months  the  slab  was  in  good  condition  for  laying.  The  dimensions 
of  the  moulds  in  use  were  3  feet  by  2  feet,  2  feet  6  inches  by  2 
feet,  and  2  feet  by  2  feet,  and  the  thickness  of  the  paving  was  2^ 
inches.  This  process  could  not  be  looked  upon  in  a  large  way  as 
a  method  of  disposal,  but  rather  as  a  useful  and  economical  method 
of  using  the  wasteful  material.  The  cost  of  manufacture  was 
largcdy  affected  by  carefully  jdanning  the  works,  so  that  there 
was  sutficient  mill-power  to  keep  the  presses  at  w-ork,  and  the  posi- 
tion of  the  mills  being  betw^een  the  furnaces  and  the  machinery 
room,  unnecessary  labor  in  wheeling  was  thereby  avoided,  lie 
had  carried  out  various  comparative  tests  for  personal  information 
to  ascertain  the  value  of  clinker-paving  and  briquettes,  compared 
with  other  materials.  With  regard  to  these  tests,  it  was  not  sug- 
gested that  the  most  reliable  test  for  paving  could  be  obtained 
otherwise  than  in  actual  wear,  whether  of  macadam  for  roads 
or  paving  for  f(x>tways  bore  a  very  close  relationship  to  the  results 
obtained  by  the  test.  This  test  was  applied  by  placing  samples  in  a 
cylindrical  testing  machine,  the  cvh'nders  being  cast-iron  and  11 J 
inches  in  internal  diameter,  with  three  1-inch  by  1-inch  angle-bar 
ribs  riveted  lengthwise  on  the  inside  of  each  cylinder;  each  class 
of  material  was  subjected  to  8,000  revolutions  at  a  speed  of  20 
revohitions  jier  minute.  In  the  wet  tests  the  materials  were 
weighed  dry,  and  alnjut  half  a  gallon  of  water  was  ])ut  in  the 
cyJinder,  the  weight  after  the  test  not  being  taken  until  the  sam- 
ples were  again  thoroughly  dry. 

30.  As  h<'aring  upon  the  scheming  and  working  of  new  plants 
the  author  makes  the  following  suggestions,  which  jirc  tlie  outcome 
of  practical  experience  from  a  Municipal  Engineer's  point  of  view: 

1.  The  site  should,  when  possible,  Ik'  right  away  from  residen- 
tial and  imjKjrt;.t.t  business  (piarters  and  near  to  a  tram  route  and 
a  waterway. 

-'.  It  is  unnecessary  for  the  destructor  to  adjoin   an   electric 
'•rating  station.      It  shouM,   indeed,    be    f;ir   enough    away   or 
-o  placed  that  dust  frr)m  wrirks  and  clinkc^r  yard  cannot 
a  lue  engine-room  of  the  generating  station. 
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3.  Furnacemen  should  be  made  to  rclv  on  refuse  as  fuel;  coal 
or  coke  should  never  be  allowed  inside  a  destructor  works. 

4.  About  8  to  10  tons  of  refuse  have  to  be  handled  t^  produce 
the  same  amount  of  steam  as  can  be  got  by  the  combustion  of  1 
ton  of  good  coal. 

5.  The  use  of  lifts  and  trucks  for  handling  refuse  should  be 
avoided  where  possible.  Unnecessary  handling  of  refuse  soon 
runs  up  the  costs.  An  ideal  system  from  both  a  sanitary  and 
economical  point  of  view  would  be  to  shoot  the  refuse  straiglit  out 
of  the  collecting  van  into  the  furnace. 

6.  Fine  dust  is  emitted  from  the  chimney  and  will  prove  a 
nuisance  unless  flues  are  well  designed  and  cleaned  right  out  at 
least  once  a  week. 

Tho  flue  dust  is  of  a  gray  color,  very  gritty,  and  thoroughly 
calcined ;  it  is  suitiible  for  use  as  a  basis  for  disinfectant  i)owiler, 
and  large  quantities  are  utilized  in  this  way.  When  the  dust  is  in 
a  dry  condition  it  will  absorb  anything  up  to  30  per  cent,  of  its 
weight  of  pure  carbolic  acid. 

7.  Experience  at  Shoreditch  sho\\:s  that,  in  burning  coal  fires 
in  conjunction  with  refuse,  the  full  efficiency  of  the  coal  is  not 
obtained  as  in  an  inde])endent  boiler,  the  reason  being  that,  during 
the  process  of  clinkering  the  refuse  furnaces,  a  considerable 
amount  of  cold  air  unavoidably  finds  its  way  to  the  boiler-tubes. 
At  times,  also,  when  there  is  a  scarcity  of  refuse  and  the  furnaces 
are  not  working,  as,  for  intance,  on  Sundays,  it  is  im|X)ssible  to 
obtain  a  high  etficicncy  jwr  poun<l  of  coal  burned,  owing  to  the 
impracticability  of  ])r('venting  cold  air  fnwn  finding  its  way 
through  the  dead  refuse  furnaces  to  the  coal-grate  This  draw- 
back would  appear  to  be  one  of  the  necessary  evils  of  any  ImmIct 
arranged  to  be  fired  by  either  coal  or  refuse.  The  trouble,  imw- 
ever,  could  be  considerably  reduced,  if  not  entirely  eliminated, 
by  an  improved  arrangement  of  dampers  so  fixed  as  to  cut  off  en- 
tirely all  possible  admission  of  cold  air  from  refuse-furnace  doors. 

8.  By  increasing  the  air  pressure  in  the  ash-pit  to  2  J  inches  it 
is  found  possible  to  burn  25  per  cent,  more  refuse  tlian  with  a 
pressure  of  only  1  inch;  a  harder  and  better  class  of  clinker  is  also 
produced.  Even  when  tin*  air  pressure  is  raised  to  3  inches  there 
is  a  considerable  amount  of  combustible  matter  remaining  in  the 
clinker.  In  fact,  from  ex|)eriments  carried  out  on  a  comparatively 
small  scale  under  the  author's  superintendence  for  the  Shoredit<'h 
Borough   Council,    it   was   foun<l    that,   when    ordinary   unsort^d 
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rt^fuse  was  placed  in  an  iron  melting  fnrnaee  (or  cupola)  heated  in 
the  tirst  instance  by  a  coke  tire,  the  refuse  contained  sufficient 
burnable  matter  to  melt  itself  down,  and  that  this  process  could 
ho  carried  «»n  continuously  for  some  hours  without  the  addition 
of  any  other  fuel.  The  residue  was  tapped  in  the  ordinary  way 
and  came  away  in  the  form  of  molten  slag  of  a  vitrite  nature  and 
black  in  color.  By  this  means  the  residue  may  be  reduced  to  about 
15  per  cent,  instead  of  25  per  cent,  to  35  per  cent.  The  slag  may 
be  run  into  moulds,  and  when  cold  is  of  a  brittle  nature.  Mr.  C. 
Wivgner,  of  Berlin,  Germany,  some  time  ago  obtained  similar 
results;  it  was  found  in  that  case,  however,  that  a  considerable 
addition  of  coal  or  other  fuel  was  necessary  to  smelt  the  refuse. 
The  vitreous  residue  from  smelted  refuse,  when  pulverized,  is 
suitable  for  the  manufacture  of  glass  paper  such  as  is  used  by 
cabinet  makers. 

DISCUSSION. 

}fr.  Charhfi  Wicksteed.^-^l  have  had  no  experience  in  dust 
destructors   except   this,   that   in   the   little   town   where   I   live, 
Kettering,  we  have  recently  had  a  dust  destructor  put  down,  and 
I    as   a   member   of    the   comnmnity    took   a   great   deal   of    in- 
terest in  it.    There  was,  I  may  say,  violent  opposition  in  the  town 
against  this  refuse  destructor  being  put  in  our  midst,  because  it 
was  thought  it  would  be  a  source  of  considerable  nuisance.     And 
since  I  am  on  my  feet  I  may  say  that,  although  the  two  ])apers 
presented  to  this  meeting  show  the  best  thing  we  have  been  able 
to  do  in  England  so  fjir,  we  are  only  beginners;  we  have  a  very 
great  deal  to  learn.     There  is  no  doubt  that  these  destructors  are 
a  nnisance,  and  it  is  impossible  to  conduct  them  by  our  j)resent 
inean.s  without  their  being  a  nuisance.     In  the  first  place,   the 
refuse  i.s  a  lot  of  filthv  muck  and  cannot  be  concentrated  in  one 
place  without  some  sort  of  obnoxious  snicll,  and,  iindci-  cci-liiin 
atmosplieric  conditirjns,  a  great    <le;il   of  -niell,   and   a  great  deal 
of  dust,  U)Of  not  only  in  tipping  it   ijito  the  hop|)ers,  but  also  in 
dealing  witli  the  cjinkc-rs,  which  are  full  of  dust.     The  refuse  from 
fish  mongers  and  slaughter-houses  takes  a  great   deal   of  burning. 
Tlw  V  r-;irinot  burn   it  with    the   other  stuff.      They    ha\-e   to    burn 
it  :i\.     It  must  not  only  burn,  but  bake,  <»f  the  (dinkers  will 

he  offen.«ivc.     The  people  in   the  iminediate  neighborhood  of  two 

*  Mfrober  of  the  lusliluiion  of  Mechanical  Engineers. 


REFUSE  DESTRUCTIOX  BY  BURNING:   UTILIZATION  OF  THE  HEAT.       lOO] 

destructors  I  went  to  see  all  tokl  me  that  they  could  not  k(Mj> 
their  windows  open  at  niaht  when  the  wind  was  lilowin^  from  the 
destructor. 

Of  course,  in  a  little  country  like  Kni^land,  with  a  population 
about  half  what  you  have  in  this  country,  these  questions 
naturally  arise  sooner  than  they  do  here.  They  arise  in  their 
intensity.  I  believe  in  the  principle  of  destroying  refuse  by  burn- 
ing it;  but  we  have  a  great  deal  yet  to  learn,  and  ynii  must 
only  take  these  refuse  destructors  as  the  best  we  have  so  far 
been  able  to  put  forth.  Wo  hope  to  do  a  great  deal  better 
not  only  in  the  way  of  burning,  but  in  the  way  of  abating  the  dust 
nuisance,  which  now  we  cannot  prevent,  and  also  to  make  the 
job  a  less  objectionable  one  to  the  men  \vh«>  have  tn  work  at  it. 
I  never  felt  so  dirty  in  my  life  as  I  did  when  I  went  around  tlm.so 
refuse  works  and  saw  the  poor  felh)ws  shoveling  in  the  pih's  of 
refuse  and  perpetually  ])oking  the  tires,  which  is  necessary  because 
one-third  of  the  refuse  formed  into  clinkers. 

I  hope  this  problem  will  not  be  too  mneh  for  the  resources  of 
the  American  engineers,  and  I  hope,  too,  that  some  day  not 
very  far  distant,  when  we  come  again  to  vi<it  Chicago,  we  shall 
be  able  to  present  to  you  a  far  better  scheme  or  phni  f<»r  a  refu>e 
destroyer  than  anything  we  have  yet  presented. 

Mr.  Lewis  A.  Smart* — On  page  DDT  the  anthor  states  that 
hydraulic  ])resses  ''  had  been  in  use  for  some  time,  particularly 
at  l.iverponl  jind  Bootle,  but  at  present  the  oidy  ma<'hine  of  the 
kind  in  n>c,  in  or  near  London,  was  that  belonging  to  the  llornsey 
( 'ouncil." 

The  (Queens  Kngin<'ering  Works,  of  Water  Lane,  Leeds,  make 
a  specialty  of  such  ])lants  and  have  several  at  W(U-k  in  the  neigh- 
borhood of  London.  The  undernotc'd  parti<'ulai*s  regarding  one 
of  their  plants  which  has  been  erected  for  about  two  years  for  the 
Woolwich  Corporation  may  in  wlude,  or  in  i»art,  be  of  interest 
to  members. 

The  clinker  from  the  destruct(U-s  is  delivere(l  into  a  \;ird  where 
it  is  allow(Ml  to  eo(d.  When  cohl,  it  is  gnuunl  in  a  !>-foot  per- 
forated pan  mill  of  the  e<lge-runner  type.  The  ground  nuitenal 
which  all  ixov^  through  i-inch  mesh  is  then  fed  into  a  measuring 
nuichine  where  cement  (about  '20  per  cent.)  is  added.  The  two 
ingredients  fall  int(»  a  .litTerential  mixer  when*  the  water  is  adde.j. 
A   further  mixing  and  grinding  is  <lone  by  a  7-foot  solid  hotloni. 
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inlpe  runnor,  self-ileliverv,  oriiulino-  mill,  wlion^  the  ingredients 
and  water  are  gronnd  and  most  intimately  mixed  together. 

The  material  is  delivered  into  the  mould  boxes  of  the  flag 
press,  where  the  flags  are  ])ressed  and  delivered  ready  for  stacking. 

Allied  with  this  flag-making  plant  is  a  plant  for  making  bricks 
out  of  the  balance  of  destructor  refuse  available,  and  I  append 
a  few  particulars  of  this.  I  have  not  the  manufacturing  costs  of 
the  Woolwich  ])lant  beside  me,  but  similar  plants  erected  else- 
where by  the  Queens  Engineering  Works  are  making  excellent 
bricks  which  have  a  crushing  strain  about  twice  that  of  London 
stock  bricks,  and  are  being  produced  at  15s.  to  16s.  per  thousand. 

With  regard  to  the  brickmaking  plant,  the  same  preparing 
machinery  is  used.  Instead,  however,  of  using  cement,  about 
7  per  cent,  of  lime  is  necessary.  The  7-foot  pan  delivers  the 
material  into  a  Xo.  1  ^'  Hercules "  brickmaking  and  pressing 
machine. 

This  machine  moulds,  presses  and  automatically  delivers  the 
bricks  ready  for  stacking  on  platform  wagons.  Each  platform 
wagon  holds  about  800  bricks,  and  the  wagons,  when  full,  are 
placed  in  cylindrical  hardening  chambers,  where  they  are  sub- 
jected to  steam  pressure  at  100  to  120  pounds  per  square  inch,  for 
eight  to  ten  hours,  after  which  they  are  ready  for  use;  that  is,  in 
about  12  hours  from  leaving  the  destructor. 

The  machinery  for  both  the  foregoing  plants  is  all  electrically 
driven,  and  otherwise  of  a  thoroughly  up-to-date  labor-saving 
design.  The  Woolwich  Council  are  using  these  bricks  for  most 
nf  their  buildings,  and,  as  already  stated,  they  withstand  rather 
more  than  double  the  crushing  strain  of  ordinary  London  stock 
bricks. 

^fr.  G.  U.  Duiif'Il.'^ — I  had  not  intended  to  speak,  but  some  rc- 
mark.H  made  by  .Mr.  Cliarles  Wickstced  have  prompted  me  to  say 
.Homething  on  the  .subject.  From  what  Mr.  Wicksteed  said  I 
fear  gentlemen  in  America  who  are  not  acquainted  with  this 
.«ul>ject  will  imagine  that  the  destruction  of  refuse  by  cremation 
ha«  l>een  a  faihire  in  England.  I  difler  from  ^Fr.  Charles  Wick- 
steod,  if  that  is  hi?  view.  I  have  spoken  to  Mr.  Wicksteed  since, 
and  I  find  that  his  experience  has  been  with  a  class  of  destructors 
different  from  that  with  which  I  have  had  mostly  under  my  own 
^dnervation.     It  ifl  the  Ilorsfall  destructor  with  whicli   1  am  prin- 
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cipally  acquainted,  that  is  the  invention  with  which  .Mr.  W'at-nn, 
the  author  of  the  fir.«it  paper,  is  connected.  It  was  my  duty  to  make 
observations  of  this  destructor,  and  1  found  as  a  result  tliat  it  is 
pos>ible  to  burn  very  green  refuse  witliout  the  slightest  per- 
ceptible odor.  In  order  to  make  perfectly  sure  that  this 
is  effected  under  the  most  adverse  circumstances  there  is  sup- 
plied a  very  large  chamber  lined  with  a  refractory  material. 
Shortly  after  the  furnace  has  been  in  operation,  this  chamber  in 
brought  up  to  a  white  heat,  and  as  there  is  provision  made  for  an 
ample  supply  of  air,  perfect  combustion  is  secured.  I  may  also  say 
that  in  this  combustion  chamber,  a  few  days  before  I  made  my 
experiments,  a  dead  horse  was  put  in  and  was  burned  without 
offence.     That  does  away  with  the  obnoxious  gas  (]uesti<)n. 

We  next  come  to  the  dust  problem,  which  ])erhaps  is  more  <litli- 
to  deal  with.  Theoretically,  of  course,  there  is  no  difficulty.  It  is 
only  necessary  to  reduce  the  velocity  of  the  gases  and  give  time  for 
the  dust  to  settle.  Any  dust  is  heavier  than  gases  or  air,  and 
is  deposited  in  a  proper  settling  chand>er.  The  vortex  chandxr 
is  rather  a  short  cut  for  that.  I  think  Mr.  Charles  Wicksteed's 
experience  must  have  been  of  rather  an  ancient  date,  or  else  with 
an  unfortunate  class  of  destructor.  At  any  rate,  it  is  negative 
testimony  so  far  as  concerns  the  non-effectiveness  of  crematiiui. 
The  testimony  I  give  is  positive  testimony.  The  thing  has  been 
done,  and  it  can  be  done  again. 

Of  course,  destructors  are  like  all  other  engineering  structures, 
in  that  they  should  be  designed  on  good  j)rinci|>les.  In  fact,  the 
designer  needs  to  be  very  much  of  a  scientific  man.  He  has  got  to 
nuike  arrangement  for  the  ju'opcr  admixture  iA'  air  to  complete 
combustion,  and  various  other  j)oints  which  would  he  too  numerous 
to  go  into  here.  In  America  if  you  want  in  ytuir  towns  a  perfectly 
healthy  system  that  will  do  away  with  disease  to  a  great  extent, 
vou  must  have  destruction  of  refuse. 

Mr.  C.  Xrirfon  HiisspJl* — After  reading  Mr.  Charles  Wick- 
rfteed's  remarks  I  can  only  assume  that  his  cxjX'rience  of  refuse 
destructors   has   been  ])articularly   unfortunate. 

A  great  number  of  the  refuse  (h'structors  in  Kngland  are  sit- 
uated amid  densely  populated  districts,  and  if  considered  or  proved 
to  be  a  nuisance  wouhl  not  be  allowed  by  the  authorities  to  con- 
tinue working. 

•  Aiitlu»r'$  rlo8uro,  under  tlie  HuIm. 
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Ill  till'  haiK-lling  of  refuse  a  large  proportion  of  dust  is  unavoid- 
able. 

The  dust  trouble,  Iiowcvim*,  is  onlv  experienced  after  the  refuse 
has  been  burnt,  and  being  well  calcined  is  i nocuous. 

With  the  experience  gained  during  the  past  twenty  years,  and 
with  a  well-managed  modern  destructor  jdant,  tlie  nuisances 
mentioned  bv  Mr.   Wicksteed  should  not  exist  to  a  troublesome 

extent. 

A  irreat  deal  more  care  and  skill  is  in  iny  opinion  requii:ed  in 
the  proper  burning  of  refuse  than  the  man  in  the  street  dreams 
of. 

It  is  <piite  ])ossible  to  burn  green  refuse,  offal,  etc.,  without  tho 
slightest  smell  being  made,  providing  it  is  fed  into  hot  fires  in 
comparativcdy  small  (piantities.  All  these  ])()ints  have  to  be 
wat<die<l  and  arranged  by  the  Chargeman. 

Mr.  nunell's  remarks  do  not  call  for  any  rei)ly  on  my  ])art. 

Generally  speaking,  I  am  in  agreement  with  him,  but  cannot 
quite  swallow  his  story  about  the  dead  horse. 

The  HMuarks  of  Mr.  Lewis  A.  Smart  remind  me  that  the 
Bennondsey  Borough  CVmncil  (London)  have  also  a  hydraulic 
flatr-making  nuichine  in  operation  at  their  refuse  destructor  works, 
and  it  is,  I  understand,  working  very  satisfactorily. 

Some  little  time  ago  I  had  an  opportunity  of  inspecting  samples 
of  bricks  made  from  clinker  and  lime  by  a  similar  process  to  that 
described  by  Mr.  Smai't,  and  ;iiii  in  eiilire  agreement  with  the 
re«iilt.s  obtained.  The  bricks  so  made  are  much  superior  to  the 
I/mdon  stock  type,  and  absorb  considerably  less  moisture. 

}fr.  W.  F.  (f 00(1  rich  *  wrote  that  at  the  ])resent  time  th(>  Ameri- 
can engineer  was  looking  to  the  r)ld  country  for  guidance  in  ^wvr 
ce^sfully  tackling  the  ])rol)lem  of  saintarv  refuse  dis])osal,  and  to 
»iich  a.s  have  closely  followed  recent  British  ])ractice,  Mr.  Russell's 
pafier  must  Ix*  very  bewildering.  The  anthor  conclndecl  the  paper 
by  offering  some  suggestions,  the  first  of  which  was  as  follows: 
"The  .site  Hhould  when  possible  be  right  away  from  residential 
and   impr»rtant   ]>usiness  (piarters.      .      .  It   is   not   necessary 

for  the  di'stnictor  to  a<ljoin  an  electric  generating  stjition.  It 
-liouhl  indeed  be  far  away  or  otherwise  so  j)laced  that  dust  from 
the  workfl  and  the  clinker  yard  cannot  lejwh  the  engine  room  of 
the  penerating  station."     The   writei-  conhl   not   agrec"^   with   this 
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conclusion;  a  destructor  should  be  located  in  that  pnsiti(jii  wlicre 
it  would  be  of  the  greatest  benefit  to  the  citizen,  firstly  bearing 
in  mind  the  fact  that  the  generating  station  was  usually  erected 
on  a  central  site,  thus  reducing  the  cartage  cost  to  the  ndniniuni ; 
and  secondly,  the  facilities  there  presented  for  the  utilization  <»f 
the  available  power.  It  had  been  conclusively  proved  that  a  de- 
structor might  be  erected  and  o])e rated  in  a  central  position  with 
a  com])lete  immunity  from  nuisance.  lie  could  nnt  agree  with 
Mr.  Itussell  as  to  the  relative  positions  of  the  destnu'tor  and  the 
generating  station;  the  nearer  the  steam  boilers  in  the  destructor- 
house  were  to  the  engines  in  the  power-house  the  better.  It  was 
a  simple  matter  in  the  design  of  the  buildings  to  prevent  dust  from 
the  destructor  building  reaching  the  engine-room;  such  a  trouble 
had  not  been  heard  of  in  connection  with  recent  ])ractice.  The 
author  should  have  pointed  out  that,  owing  to  the  mechanical 
handling,  lifting  and  tii)])ing  of  the  refuse  at  Shoreditch,  an  al- 
together unusual  amount  of  dust  was  liberated. 

riie  autlior  observed  tliat  "  the  nean*r  a  (h'structor  is  to  the 
center  of  a  large  city,  the  greater  will  be  the  labor  cn«.f."  This 
was  an  extraordinary  statement,  and  moreover  very  illogical.  The 
labor  cost  in  connection  with  the  operation  of  any  destructor  must 
in  the  main  be  determine<l  by  two  factors:  (a)  The  rate  of  wages 
ruling  in  the  city  and  (h)  the  method  employed  for  the  handling 
or  charging  of  the  refuse  into  the  destructor.  It  was  scarcely 
necessary  to  add  that  the  rate  of  wages  ruling  in  a  city  would  be 
the  same  whether  paid  at  a  destructor  W(M*ks  in  th<'  center  of  the 
city  or  two  miles  from  the  center.  The  real  determining  factor 
was  the  design,  general  arrangement  ami  method  of  handling  the 
refuse;  if  these  were  wrong  the  geographical  location  ot  the  de- 
structor could  not  set  them  riglit.  The  author  further  remarked 
that:  '*  The  use  of  lifts  and  trucks  for  handling  refuse  should  Ik* 
avoided  where  possible;  unnecessary  handling  of  refuse  soon  runs 
up  the  costs.^^  In  these  few  words  they  had  the  complete  explana- 
tion (.f  high  labor  cost,  the  central  hM-ation  of  the  destructor  or 
otherwise  being  beside  the  <piestion  entirely. 

In  the  paper  entitled  "(\>mbine<l  iicfuse  Destructor-^  aiul 
Power  Plants,"  read  b<'fore  the  Institution  of  Civil  Kugiiieers  in 
l)ecend)er,  IMH),  by  Mr.  ( '.  Xewtou  Ku«^sell,  the  f.dlowing  conehi- 
sion  was  presented  :  ''  That  a  cond)ination  of  one  Ixijier  an<l  two  fur- 
naces, arranged  as  shown  in  Fig.  477,  may  1m*  ndi«'d  upon  to  evai>o- 
rate  2,888  pounds  (^f  water  jnr  hour  from  and  at  a  teniiK^ratim* 
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of  212  degrees  Falir.,  to  a  pressure  of  200  pounds  with  refuse  as 
fuel."  Reeently  at  Chieago  the  same  author  explained  that  this 
same  arrangement  of  destructor  cells  and  boilers  was  inefficient ; 
he  also  observed  that  the  earlier  figures  did  not  represent  average 
results  which  were  approximately  only  half  as  good  as  those  pre- 
viously quoted  as  being  reliable.  The  waiter  was  in  complete 
agreement  with  Mr.  Kussell  when  he  stated  '^  that  coal  or  coke 
should  never  be  allowed  inside  a  destructor  works.''  Several  years 
since  this  opinion  was  held  and  clearly  expressed  by  many  engi- 
neers. The  arrangement  of  cells  and  boilers,  which  Mr.  Russell 
eulogized  in  1899  and  condemned  in  Chicago  in  1904,  however 
involved  the  use  of  coal  or  coke  in  the  destructor-house ;  it  w^as 
only  in  this  way  that  the  boilers  ^vhich  were  arranged  for  sup- 
jdementary  coal  tiring  could  be  so  utilized.  In  the  paper  of  1899 
he  also  clearly  stated  as  a  conclusion  that :  "  Domestic  refuse  in 
London  has  an  average  calorific  value  equal  to  0.99  pound  of 
water  per  pound  of  refuse  burnt.''  ^ow,  in  the  present  paper 
this  figure  was  practically  divided  by  two,  an  average  result  being 
given  of  0.5  pound  of  water  per  pound  of  refuse  destroyed. 

At  Chicago  Mr.  Russell  further  observed  that:  "All  success- 
ful destructors  have  furnaces  operating  on  practically  the  same 
principle,  the  only  difference  being  in  details  .  .  .  similar 
results  are  being  obtained  from  the  different  destructors  erected 
by  different  makers,  each  claiming  superiority."  Now,  there  was 
no  evidence  of  any  kind  submittec]  in  the  paper  to  support  this 
statement,  and  it  must  be  ck'ar  to  all  that  had  Mr.  Russell  not 
derived  his  cxjicricnce  from  one  destructor  installation  alone  he 
would  not  have  thus  written.  There  was  a  very  wide  difference 
in  the  jjrineiplcs  of  design  and  arrangement  of  the  various  Rritish 
destructors;  all  makers  i)rofessed  to  aim  at  and  secure  equally 
g<^>od  results,  but  profession  was  not  necessarily  practice.  llic 
striking  difference  in  design  jilone  would  not  ])ermit  of  equal  re- 
Hult.s  Ixdng  obtained  all  round.  Kffieient  combustion  was  governed 
by  certain  canlinal  i)rinciples,  wliicli  wonld  not  be  questioned.  To 
olwerve  such  principles  was  to  command  success;  on  the  other 
hand,  to  ignore  such  princij)les  involved  ineflicient  working. 

Although  the  author  spoke  hopefully  of  (dinker  utilization,  Ik^ 
altogether  failed  to  convey  the  extraordinary  progress  which  had 
hffn  made.  They  were  told,  for  instance,  that  r)nly  one  clinker- 
flag  fdant  was  in  ojjeration  *'  in  or  ne;ir  London  ";  this  was  incor- 
rect.    As  a  matter  of  fact,  such  plants  were  in  operation  for  the 
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following  metropolitan  boroughs:  Woolwich,  Borniondsev,  Ful- 
ham  and  Battersea,  and  on  the  outskirts  at  both  Kaling  and  Wal- 
thanistow,  in  addition  to  llornscy,  wliich  singh*  instalhitioii  was 
referred  to  bv  ^Ir.  Itussell.  The  metropolitan  boroughs  of  Wool- 
wich and  Fulham  also  had  complete  brick-making  jdant  in  daily 
operation.  In  the  provinces  clinker  Hag  ])lants  had  been  adopte<l 
bv  the  following  municipalities:  Liverjmol,  Leicester,  Cheltenham, 
Birmingham,  Bootle,  Sheffield,  Bradford,  Bristol,  Oldham,  Black- 
burn, Withington,  etc. 

Mr.  Kussell  touched  but  lightly  ui)on  the  economic  aspect  of 
combined  electricity  and  destructor  works;  some  would  say  that 
there  was  no  economic  as])ect,  but  whether  or  not,  the  (drctrical 
engineer  often  sought  to  obtain  the  available  power  gratis,  or  at 
a  very  low  figure.  In  the  combined  works  one  might  as  a  rule 
look  for  the  minimum  cartage  cost  of  the  refuse ;  the  citizen  there- 
fore benefitted  in  this  direction,  as  also  by  reason  of  the  fact  that 
the  collection  was  accelerated.  The  citizen  should  benefit  by  the 
production  of  power,  but  naturally  this  was  entirely  <;overned  by 
the  efficiency  of  the  destructor  as  a  power  ])rodueer  and  the  price 
mutually  agreed  u])on  for  the  ])ower.  As  he  had  already  observed, 
Mr.  Kussell  stated  that  all  destructors  were  j)raetically  alike  and 
equal  in  efficiency;  this  being  so,  then  ])erhaj)s  the  autlmr  would 
inform  them  why  such  varying  results  in  ]>ower  ])ro<luction  were 
recorded  with  destructors  cond)ined  with  (deetrieity  works  in  L<»n- 
dnn  ^  That  there  was  a  very  remarkable  ditfereuce  was  (dearly 
shown  in  the  f<dl(»wini:-  Talth-i 

Metn.politai.  Borough.-.  ^^^  j^„  „,  riju«-  d.-^troy.d. 

A.  Sboreditcli '-*•» 

B.  Kulham -'«  6-* 

C.  Hacknev • •'>•».  10 

D.  Woolwich 57 


A.  =  Average  for  one  year,  ffnod  day  load. 

B.  =         

C.  =  Non  condeosiiig.  excellent  day  loud. 

D.  =  '•  lightiii»:  load  only. 

These  figures  by  no  means  represented  the  best  result.^  yet  nb- 
taine(l  in  (  leetrical  output  per  ton  of  refuse  destroyed.  At  Cleck- 
heaton,  with  an  average  of  \'2  tons  of  refuse  ilaily  and  a  traction 
load,  an  electrical  output  of  over  70  units  j)er  ton  of  refuse  de- 
stroyed was  fre(pu'ntly  obtained;  nor  was  thi.s  a  solitary  example. 
At  Plumstead  combined  destructor  and  eh'ctrieity  works  of  the 
Metropolitan  Borough  of  Woolwich,  during  a  24-hourd'  test  con- 
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ihu'toil  h\  tilt'  National  Uoilcr  lnsur:iiUH'  Co.,  an  output  of  ap- 
nroximatt'lv  100  units  jx'i'  Ion  ot  ri'tuso  cl(\stroyo(l  was  obtained  at 
tlu'  peak.  This  uniijue  rt'sult  was  clearly  set  forth  in  the  accoui- 
panyiiij;  diajrrani  (see  Fig.  4S0). 

Mr.  C,  Aeirton  Russell  wrote,  in  re])lv  to  Mr.  Goodrich's  coni- 
inunication,  that  there  were  a  few  ])oints  in  the  criticism  calling 
for  notice  and  exjdanation.  With  reference  to  the  dust  question, 
nearly  all  the  inconvenience  was  caused  by  the  hot  clinker,  which 
had  to  be  tipped  in  an  ojx-n  yard  and  which  lay  there  until  cool 
Wfore  it  could  be  removed.  With  even  a  light  wind,  the  dust 
was  liable  tu  be  bluwji  abuut^  and  to  become  a  nuisance,  althougli 


300 


200 


Fio.  480. 

fif- rhaps  not  doing  any  actual  damage.  The  inconvonionce  caused 
by  dust  in  the  destructor  house  was  insignificant  compared  with 
that  from  the  oj)en  yards  common  to  all  refuse  destructors  seen 
by  the  author. 

The  author  agreed  with  Mr.  Goodrich  that  it  was  possible  from 
a  purely  engineering  point  of  view  to  so  design  works  that  dust 
would  l>o  ontindy  j)revent(Ml  from  reacdiing  tin;  engine-room;  but 
the  increaHed  cost  of  so  doing  W(juld  he,  however,  not  worth  the 
outlay,  for  it  must  be  remcMubered  tliat  this  jtapci-  dealt  witli  de- 
«tnictor»  for  large  cities  where  the  dcnian'l  foi*  electric  (or  other) 
|*ower  wa»  so  great  that  the  jiroportion  of  stejiin-power  that  could 
^  rated  from  the  destructor  fnrnaces  was  ])erhaps  only  one- 

i^NciJiieth  i>art  of  the  total  re(piired.     Mr.  Goodricli  had  evidently 
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lost  sight  of  tlio  (liflFcronce  in  revoniic  oarning  capacities  of  coal- 
fired  electric  generating  stations  and  destructor  jdants;  in  many 
cases  it  would  pay  coniniercially  to  put  <ln\vn  the  former  plants, 
where  it  would  (owing  to  the  high  price  nf  hind)  he  ruinous  from 
a  business  point  of  view  to  install  a  refuse  destructor  simply  to 
demonstrate  that  it  could  be  done.  The  vahie  of  land  in  Shore- 
ditch  was  such  that  the  interest  and  repayment  of  capital  repre- 
sented an  annual  charge  ('(pial  to  one  shilling  per  t<Mi  nf  refuse 
destroyed,  or,  in  other  words,  sufficient  to  j)urchase  the  freehoM 
of  land  in  tlie  outskirts  of  some  towns  in  three  or  four  years.  The 
author  maintained,  moreover,  that  what  energs'  it  was  ])ossible  to 
generate  by  a  destructor  situated  away  fnun  the  center  of  a  town 
could  easily  be  transformed  into  electrical  energA'  by  means  of  a 
small  ])lant  and  fed  into  the  nearest  su])ply  mains  with  the  addi- 
tional advantage  of  boosting  n|>  the  (dectric  ]>ressure  at  a  j)oint 
where  ii»  m11  probability  it  would  be  badly  want«'<l. 

With  regard  to  the  ditferent  n^sults  obtained  at  various  destnic- 
tors,  set  forth  in  a  table  given  by  ^Ir.  (ioodricdi,  the  author  was 
glad  to  have  the  o]iportunity  <»f  explaining  them,  as  the  figures 
showed  a  difference  of  efficiency  of  more  than  100  per  cent.,  and 
ther(d)y  inferre(l  that  the  same  difference  of  ethciency  existed  1)0- 
tween  different  designs  of  destructor  plants,  whi(di  was  not  a  fact. 
The  figures  as  set  out  by  Mr.  (ioodri(di  were  on  a  wrong  basis, 
inasmuch  as  the  efficiency  of  steam-generating  ]>lant  Innl  not  be«n 
given,  d'he  lignre-  were,  therefore,  misleading:  for  instance,  the 
steam  generating  i)lant  at  Shore(lit{di  consisted  of  a  innnber  of 
small  generating  sets  connected  to  very  long  steam  rangt's  and 
run  non-condensing.  Tliis  jdant,  installed  in  1M>7,  was  now  prac- 
tically obsolete  so  far  as  efficiency  was  concern<'d,  and  used  about 
40  j)ounds  of  steam  at  least  jxr  unit  generated.  Mr.  (Joodriidi 
compared  this  and  the  altermiting  generating  plant  at  Fulham 
with  two  (|uite  new  stations  where  the  steam  ]»lant  was  more 
modern  and  condensing,  and  where,  at  least  in  the  case  of  Hack- 
ney, a  kilowatt  ])er  hour  could  be  ])roduce(l  with  an  ex]>enditure 
of  about  '20  ])ounds  of  steam. 

The  figures  given  in  ^Mr.  (loodrich's  table,  when  put  on  a  j)ro|>or 
basis,  tlierefore,  only  went  to  prove  the  author*s  contention  that 
the  differences  in  efficiencies  of  destructors  was  not  so  great  as 
Mr.  (Joodri(di  \\«ndd  niakc^  out.  Th<'  autln»r  did  not  hold  any  brief 
for  Miiy  <le-tru(tor  innkers,  nor  did  he  wish  to  liold  up  the  Sliore- 
dit(di  destructor  as  a  paragon  by  any  means;  moreover,  he  wa« 
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i\\\\tc  roaily  to  eoncoilo  that  the  dostnictors  with  which  Mr.  Good- 
rich had  had  oxporicnce  were  perhaps  the  most  efficient,  but  he 
stronjrly  objected  to  efficiencies  of  phints  being  compared  in  terms 
of  units  generated,  unk'ss  the  full  storv  was  tokl,  and  the  numbei 
of  iKUUids  of  steam  it  took  to  generate  a  unit  of  electricity  was 
given  in  a  paraHel  cohmm  for  each  case  cited. 

With  this  exjdanation,  the  author  felt  sure  that  Mr.  Goodrich 
wonhl  agree  with  him  that  the  iigures  given,  that  is  A.B.C.D., 
were  of  little  value  for  comparative  purposes. 
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THE   POWER    PLANT    OF  TALL    OFFICE  BVILDISGS. 

BT  BEGIN ALD  PELHAM   BOI.TON,  NKW  TORK,  X.  T. 

(Member  of  the  Society.) 

1.  !N'ew  York  City  may  be  considered  as  being  legitimately  the 
home  of  the  tall  office  building,  since  the  restricted  area  of  its 
business  center  has  by  nature  been  limited  in  all  directions  but 
one,  and  affords  a  real  justification  for  the  increase  of  its  area  by 
vertical  extension. 

2.  Moreover,  the  character  of  the  material  forming  a  founda- 
tion for  its  extremely  tall  structures  is  admirably  adapted  to  the 
imposition  of  these  extraordinary  heights,  and  tends  to  make  the 
problem  of  their  support  comparatively  simple.  With  the  ex- 
ception of  the  bed  of  glacial  sand  laying  between  the  two  ridges 
of  the  rock  of  lower  Manliattan,  which  in  itself  has  formed  a  not 
undesirable  support  of  a  permanent  character,  the  footings  of  tall 
buildings  are  carried  on  solid  rook,  in  places  being  extended  by 
caissons  through  the  bed  of  glacial  debris. 

3.  Secured  thus  by  nature  from  doubt  as  to  the  permanency 
of  their  support,  the  limitations  of  height  become  only  those  im- 
posed by  practical  considerations  above  ground,  and  tlie  present 
practice  has  settled  down  to  a  general  adoption  of  a  height  afford- 
ing space  for  IG  to  20  stories,  the  extreme  presented  by  the  Park 
Row  (27)  and  the  St.  Paul  (25)  not  having  justified  a  general  imi- 
tation. 

4.  In  point  of  fact,  the  limitation  of  height  has  come  about  in 
a  natural  manner  by  realization  of  the  disadvantages  of  the  re- 
moteness of  such  lofty  floors  from  the  street,  and  the  excessive 
expense  of  maintaining  a  suitable  elevator  travel  schedule  on  such 
long  runs,  the  burden  (jf  which  excess  is  to  bo  charged  to  the 

*  Presented  at  the  Chicu^o  iiuH'tin^'  (Muv  niul  Juu»»,  11»04)  of  tbo  .Xmerlcan 
Society  of  Meclmuicul  Eugiueera,  uud  foruiiug  part  of  Volume  XXV.  of  the 
TranHaciioiii, 
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"upper  floors,  and  the  returns  from  which  are  often  insufficient  to 
make  the  expense  commercially  successful. 

5.  The  provision  of  express  elevators,  making  stops  only  above 
a  certain  level,  is  found  necessary  in  buildings  exceeding  16 
stories,  and  in  some  of  that  height  also,  and  is  usually  made  to 
serve  from  the  ninth  or  tenth  level,  or,  roughly  speaking,  the 
upper  half  of  such  structures.  The  addition  of  floors  in  excess  of 
20,  would  render  it  necessary  to  raise  the  level  of  the  express 
stop,  and  would  place  certain  of  the  intermediate  floors  at  a  dis- 
advantage. The  addition  of  more  elevators  is  thus  the  only  proper 
provision  for  such  added  floors,  and  the  burden  of  their  mainte- 
nance, together  with  the  increase  of  travel  of  the  whole  of  the 
rest  of  the  bank  of  machines,  falls  upon  the  added  floors,  which 
thus  become  of  an  increasingly  expensive  character. 

6.  In  some  buildings,  such  as  the  Empire  (20)  and  St.  Paul 
(25),  certain  of  the  elevators  are  operated  as  locals,  operating 
only  to  a  certain  floor.  Owing,  however,  to  lack  of  foresight  and 
provision  for  this  arrangement,  these  macliines  have  been  con- 
structed the  full  height  of  the  building,  occupying  space  uselessly, 
and  having  the  travel  of  pistons  in  their  cylinders  limited  to  the 
lower  portions,  and  of  their  ropes  to  a  part  of  their  length.  Sucjli 
machines,  even  if  eventually  their  travel  should  be  extended, 
would  probably  require  reboring  of  cylinders. 

7.  The  proportioning  of  the  number  and  travel  of  elevators  to 
the  area,  character,  and  height  of  these  buildings  has,  so  far, 
proceeded  in  a  very  haphazard  manner,  mostly  by  mere  imitation 
of  others,  and  often  without  any  allowance  for  increase  of  stories, 
and  attemi)U  have  been  made  by  architects  responsible  for  these 
blunders  to  mitigate  the  disadvantages  thus  imposed  on  the  build- 
ings, by  increasing  the  floor  area  of  the  cars,  and  by  increasing 
the  speeds  of  the  machines.  Both  are  subject  to  practical  liiniu- 
tions,  mere  increase  of  area  of  cars  being  the  cause  of  delay  in 
handling  the  passengers,  and  the  speed  of  travel  Ik  ing  practically 
limited  to  GOO  feet  per  minute  for  stopping  or  way  cars,  and  to 
750  feet  for  express  ears,  beyond  which  speeds  more  time  is  lost 
than  gained  by  over-running  the  landings. 

8.  In  an  article  on  this  subject  (Cassicr's  Magazine,  vohune 
xxi..  No.  3,  January,  1002)  the  author  dealt  more  fully  with  this 
problem,  and  pointed  out  that  a  basis  for  the  due  proportioning 
of  elevator  service  may  be  found  in  the  provision  of  an  elevator 
to  an  area  of  1,000  square  feet  of  rent*?d  space  repeated  on  16 
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floors.  For  lioights  oxcoediiig  10,  the  basis  of  oalcnilation  should 
be  the  above,  plus  a  provision  for  an  average  number  of  oj^por- 
tunitios  of  access  to  cars  at  the  average  or  medium  travelling 
floors.  Special  conditions  exist  in  certain  buildings  tending  to 
increase  travel  at  certain  periods,  and  these  are  of  course  difficult 
to  ascertain  in  advance  of  occupancy.  As  an  example,  may  be 
mentioned  the  German-American  building,  15  floors,  on  the  thir- 
teenth floor  of  which  is  a  largely  attended  law-school,  the  students 
in  which  emerge  and  arrive  at  stated  hours,  and  throw  the  burden 
of  several  hundred  impatient  travellers  upon  the  car  service. 

9.  The  maintenance  of  a  satisfactory  service,  and  of  its  eco- 
nomical operation  is  more  dependent  upon  the  personal  element 
than  is  commonly  supposed.  Passengers'  habits  have  much  effect. 
In  Now  York,  the  general  travelling  public  has  learnt  to  make 
use  of  the  signal  system,  to  step  promptly  in  and  out  of  cars,  and 
to  announce  their  destination  well  in  advance  of  arrival,  all  of 
which  contribute  much  to  the  regularity  and  economy  of  schedule 
operation. 

10.  The  importance  of  satisfactory  signal  systems  between 
floors  and  cars,  announcing  the  proximate  arrival  of  cars  to  wait- 
ing passengers,  and  of  the  presence  of  the  latter  to  the  operators, 
has  had  a  more  important  bearing  on  the  economy  of  operation 
than  any  economic  improvement  in  operative  machinery.  There 
still  remains  the  uncertain  and  often  unsatisfactory  element  of 
the  personality  of  the  car  opeartor,  who  is  only  rarely  made  cog- 
nizant of  the  bearing  w^hich  his  promptitude,  attention  and  care  in 
avr»iding  over-running  of  landings  has  upon  the  cost  of  operation. 
Where  these  employes  have  been  placed,  as  they  should  be,  under 
the  orders  and  directions  of  the  operating  engineer,  remarkable 
improvements  have  resulted,  particularly  in  the  operation  of  elec- 
tric elevators,  in  some  of  which  the  controls  are  of  so  small  and 
delicate  a  character,  that  operators  get  into  habits  of  continually 
r.'lisfi'infr  witli  the  little  levers. 

11.  The  electric  elevator  is  liable  to  peculiar  misuse  in  this  re- 
Bpect,  and  suffers  more  than  the  hydraulic  system  from  the  losses 
of  ovr-r-running  and  of  useless  stops  and  starts  by  failing  to  make 
precise  landings.  Partly  by  these  and  partly  by  the  inlicrent  un- 
snitability  of  electric  distribution  of  power  for  this  purpose,  the 

^ric  elevator  has  during  ten  years  of  use  and  improvement, 
failftd  to  di-slodge  the  hydraulic  system  as  the  most  reliable  and 
suitable  method  of  schedule  oj>eration. 


I 


THE   POWER   PLANT   OF   TALL   OFFICE   BUILDINGS. 


1015 


-* *         ■         T  ^  '  ^,  ^W  -i — ±  < 

FTiiTTlJ  Ifll 


in 


'I'l'lMi 


-■^iTUUUyijuiillllJii^ 


Fio.  482.— Sectiomal  Elevation  ok  the  B.  Q.  Dun  Co.'b  Bcildino. 


1016 


THE   POWER   PLANT   OF   TALL  OFFICE  BUILDINGS. 


s  s  ^  ^  ^  ^  ^  is  »'  sh^ 


S 


fcc 

C   -J 

•E  S 

^   II 

«►-  ^3 

O    1- 

«  6 

a 

0) 

CD      S 

>   CC 

«t^ 

^ 

s 

^   P^ 

< 

e 

J  w 

o 

f 

-«l 

^  t-( 

X    >* 

Q 

^    >« 

i          Tl 

p; 

S         II 

o 

TD 

Eh 

t>     b 

g 

«    08 

M 

^  -s 

o 

!z; 

g  £f 

►-H 

0$ 

H 

S^ 

Ph 

■&M 

S 

w 

-*t 

^  (^' 

02 
1 

vi 

t— ( 

00 

^g 

00    '-• 

, 

^,   II 

_    bi 

S     V 

•-S     > 

,-sJ 

is 


w 


c  "3 

ii  ^ 

=  a 


g 


THE   POWER   PLANT   OF   TALL   OFFICE   BUILDINGS.  1017 

12.  The  peculiar  advantage  of  electric  force  in  the  distribution 
of  power  over  long  distances,  docs  not,  in  tlie  case  of  elevator 
operation,  fill  any  requirement,  since  the  source  and  expenditure 
of  power  are  close  together. 

13.  The  irregularities  in  car  operation,  even  in  schedule  work, 
are  severe,  and  without  the  inclusion  of  storage  of  force,  throw 
severe  strains  upon  operating  machinery,  with  accompanying  loss 
of  economy  due  to  wide  variations  of  load.  The  following  dia- 
gram of  varying  loads  on  a  simple  engine  op<'rating  direct  on 
Sprague  screw  electric  elevators,  will  illustrate  the  severity  of 
the  work.  The  equivalent  of  the  storage  of  the  hydraulic  sys- 
tem, which  is  effected  by  the  provision  of  an  air-pressure  in  closed 
tanks,  is,  in  the  electric  system,  required  to  be  the  extraordinary 
expense  of  a  storage  battery,  and  there  are  only  a  few  buildings 
employing  electric  elevators  on  schedule  service  of  any  magni- 
tude that  have  not  found  such  an  expensive  addition  necessary. 

14.  They  are  installed  in  the  Commercial  Cable  building  (21), 
Dun  (16),  German-American  (IT)),  Park  Kow  (27),  and  other 
buildings. 

In  the  Dun  Building  the  battery  stands  for  a  capital  cost  of 
$18,000,  representing  annual  maintenance  and  interest  of  $2,150, 
the  equivalent  of  nearly  20  per  cent,  of  the  coal  biU.  In  addition, 
one  engineer  is  constantly  employed  solely  to  attend  to  the  operat- 
ing mechanism  of  the  five  elevator  machines,  a  further  burden  of 
$1,000  per  annum. 

15.  The  maintenance  of  the  form  of  electric  elevator  known 
as  the  Sprague-Pratt,  or  screw  machine,  and  to  a  certain  degree 
of  the  other  types  of  drum  machines,  is  expensive,  and  out  of  all 
proportion  to  the  cost  of  maintenance  of  an  hydraulic  mechanism. 
The  former  have  been  peculiarly  subject  to  wear  and  tear. 
Screws,  thrust  plates  and  ball-bearings  require  renewal  on  an 
average  every  eighteen  to  twenty-four  months.  Constant  atten- 
tion and  repair  is  required  to  the  numerous  details  of  the  con- 
trolling mechanism. 

16.  The  work  of  repair  and  re}»hicement  of  parts  of  electric 
elevators  affords  profitable  employment  for  an  entire  works  in 
this  city,  and  further  construction  of  the  screw  type  has  been 
definiudy  abandoned  by  its  owners. 

17.  The  apparent  economy  of  operation  of  an  electrical  system 
entirely  disappears  under  analysis  of  these  conditions,  and  the 
electric  elevator  stands  to-day  an  economic  failure  for  schedule 
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service,  while  in  point  of  simplicity,  safety,  ease  of  maintenance 
and  control,  the  hydraulic  elevator  has  maintained  its  reputation. 

18.  It  may  be  freely  admitted,  nevertheless,  that  there  are 
cases  where  the  adoption  of  electricty  as  the  motive  force  for 
elevator  operation,  is  desirable,  such  as  when  economy  may  be 
t'fFivtod  in  other  directions  by  their  adoption.  Thus,  in  build- 
ings which  can  be  more  economically  operated  by  the  supply  of 
current  from  the  public  service,  the  reduction  of  the  labor  bill 
may  outweigh  the  additional  cost  of  operation.  In  such  service 
the  operating  supply  of  a  schedule  elevator  will  cost  from  $1,200 
to  $1,500  per  annum.  One  such  car  was  run  on  public  supply,  in 
a  bank  of  five,  15  stories,  the  bill  for  current  being  $130  per 
month. 

19.  Electric  machines  of  the  drum  type  have  now  been  operated 
to  speeds  as  high  as  600  feet,  but  are  in  this  work  usually  applied 
where  speeds  of  450  feet  suffice.  An  installation  has  recently 
been  made,  in  the  Arthur  Building  (18),  of  a  flying  rope-driven 
electric  elevator,  which  has  had  the  misfortune  to  be  the  cause  of 
serious  accident,  due  to  failure  of  its  limit-stop  devices  on  the 
down  run.  The  screw  machine  has  in  one  instance  suffered  the 
breakage  of  its  frame,  due  to  an  unequal  strain  caused  by  the 
pulling  out  of  one  cable  from  an  eyelet.  The  lag  in  starting  of  an 
electric  machine  is  also  a  source  of  latent  danger.  The  operators, 
relying  on  this  lag,  do  not  close  doors  before  opening  the  lever, 
and  this  contributed  to  a  fatal  accident. 

20.  New  York  architects  still  generally  adhere  to  the  propor- 
tion of  cars,  narrow  across  the  entrance  and  often  unduly  and  dis- 
proportionaU'ly  deep. 

21.  The  disposition  of  cars  also  seems  to  be  a  matter  of  wide 
variation.  In  the  larger  buildings,  where  sufficient  s[)ace  is 
available,  chiefly  those  of  banks  and  large  companies,  the  arrange- 
ment in  a  semicircular  form  is  desirable.  Such  are  the  Ilave- 
meyer  (16),  American  Trust  (23),  St.  Paul  (25),  the  Corn  Ex- 
change Bank  JiuihJing  (21),  42  J^roadway  (22),  Fig.  484,  and  the 
I'ark  iiow  (27j,  Fig.  4H5.  Tn  the  hitter,  liowevcT,  cars  are  also 
placed  beyond  the  semicircle  at  each  side,  and  are  thus  at  a  dis- 
advantage as  to  accessibility.  In  others,  such  as  Commercial 
Cable  (21;,  North  American  Trust  (14),  Queen  (15),  Fig.  48G, 
Broadway  Chambers  (18),  Fig.  487,  and  Kuhn-].oeb  (18),  the  cars 
tre  placed  in  a  line  along  a  narrow  corridor  or  hall.  These  suffer 
if  the  bank  be  too  long,  or  if,  as  is  the  case  in  several,  such  as  the 
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Empire  (20),  Bowling  Green  OflSces  (16),  Fig.  4ftS,  Xortli  Amer- 
ican Trust  (14)  and  others,  entrance  to  cars  be  placed  between 
projecting  pilasters.  In  other  buildings  the  cars  are  placed  in  two 
banks  facing  each  otlier,  an  arrangement  not  to  be  commended. 
Of  such  are  the  American  Surety  (21),  Johnston  (16),  German- 
American  (15),  Fig.  480,  and  Iludsfm  (16),  Fig.  41)0. 

A  curious  arrangement  is  that  of  the  Central  Bank  Building 
(16),  Fig.  4!)1,  where  two  cars  are  placed  at  right  angles  tn  three 
others,  and  the  sixth  machine  at  the  end  of  a  long  corridor. 

22.  Before  leaving  the  subject  of  elevators,  the  opportunity 
may  be  taken  of  again  drawing  attention  to  the  danger  which  their 
open  shafts  offer  in  case  of  fire.  In  every  instance  of  a  fire  in 
these  buildings,  the  smoke  has  promptly  found  access  to  the  eleva- 
tors and  rendered  them  useless.  Such  occurrences  took  place  in 
the  Times  Building  (12)  and  World  Building  (14).  The  shafts 
should  be  enclosed  separately  and  the  doors  and  grillage  filled  with 
wire  glass  or  metal.  The  same  consideration  applies  to  the  stair- 
ways. 

23.  The  maintenance  of  elevator  service  during  the  business 
hours  being  of  prime  necessity,  and  of  a  very  definite  and  regular 
character,  the  heat  available  in  the  form  of  the  exhaust  steam 
from  the  motive  machinery  has  to  be  taken  into  account  in  con- 
nection with  the  warming  of  the  bmldiug,  a  matter  which  is  only 
of  a  slightly  less  degree  of  importance. 

24.  Other  services,  such  as  electric  lighting,  being  irregular, 
and  house  water,  being  comparatively  small  in  extent,  the  ex- 
haust of  elevator  power  is  the  main  source  of  heat  supply  during 
the  cold  season.  This  exhaust  in  heavy  schedule  service  is  nearly 
always  in  excess  of  heat  requirements  during  the  business  hours, 
except  in  certain  very  economical  buildings,  such  as  the  Bowling 
Green  Offices,  where  the  whole  exhaust  is  utilized  in  the  work  of 
heating. 

25.  The  adoption  of  the  Webster  vacuum  and  Paul  air  suction 
systems,  has,  by  reducing  back-pressure  on  engines  and  pumps, 
reduced  this  excess.  Certain  buildings  provided  only  with  the 
ordinary  one  and  two-pipe  gravity  systems,  re(iuire  a  back-press- 
ure in  extreme  weather  of  from  5  to  as  higli  as  15  pounds  to  effect 
complete  circulation.  The  New  York  Life  Building  (13),  Ameri- 
can Tract  Society  Building  (23),  and  Bark  Bow  (27)  were  all 
benefitted  in  this  respect  by  the  addition  of  vacuum  systemA  to 
their  heating  apparatus. 
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26.  The  Webster  system  has  been  in  use  in  the  Lords  Court 
(once  15  aiul  imw  HO,  Kli;-.  41^2,  l^owlino-  (h-een  (10),  Hudson 
(16),  Central  Bank  (17),  and  in  the  German-American  (15),  in 
which  it  was  for  the  first  time  installed  in  a  tall  office  building, 
with  entire  success,  for  periods  of  five  to  eight  years,  circulating 
with  a  pressure  not  exceeding  half  a  pound  through  headers  and 
risers  in  some  cases  over  450  feet  in  length.  The  reduction  in  size 
of  piping  whicli  can  be  efi^ected  by  this  system  is  a  considerable 
advantage  in  cost  and  in  the  effective  concealment  of  risers  and 
branches. 

27.  The  most  desirable  result  with  this  system  is  the  control  of 
temperature  in  the  radiators,  by  which  the  common  complaint  of 
over4ieating  of  offices  may  be  avoided.  The  ordinary  two-pipe 
gravity  system  requires  the  relative  adjustment  of  two  valves  to 
reduce  heat,  a  nicety  to  Avhich  the  average  tenant  is  not  willing 
to  devote  time. 

28.  The  one-pipe  gravity  system  practically  involves  full  heat 
or  none  in  the  radiator,  for  w^hich  reason  its  adoption  has  in  New 
York  office  buildings  not  met  with  much  favor,  except  in  the 
cheaper  class  of  speculative  buildings. 

20.  The  overhead  system  of  supply  has  been  adopted  only  in  a 
very  few  instances,  such  as  the  Broadway  Chambers  (18),  OAving 
to  the  unwillingness  of  owners  and  architects  to  provide  a  roof- 
space  for  the  distribution  of  pipes. 

30.  Indirect  licating  of  these  buildings  except  in  certain  spe- 
cial spaces,  such  as  bank  parlors,  has  been  practically  abandoned, 
with  the  exception  of  the  Hanover  Bank*Building  (22).  This 
recent  building  has  also  installed  refrigerating  apparatus,  designed 
to  reduce  the  temperature  of  the  air  in  the  corridors  in  warm 
weather,  and  a  very  large  attempt  in  the  same  direction  is  to  be 
made  this  summer  in  the  Xew  York  Stock  Exchange  (8),  with  a 
refrigerating  plant  of  400  tons  rated  capacity.  While  the  cost 
of  such  operations  does  not  enter  into  account,  compared  with  th(^ 
convenience,  and  while  the  supply  of  exhaust  steam  in  warm 
weather  may  bring  that  cost  within  reasonable  consideration,  the 
problem  of  water  supply  for  the  purpose  of  condensation  is  one 
that  will  probably  prevent  its  present  extension. 

31.  The  present  pressure  in  the  Wall  Street  district  is  at  noon 
barely  5  pounds  per  square  inch,  and  the  extra  draft  imposed  by 
the  large  plant  mentioned  will  probably  bring  about  a  w^orse  state 
of  affairs.     The  water  supply  being  thus  defective,  all  the  tall 
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buildings  are  provided  with  receiving  tanks  and  with  pumping  sys- 
tems, by  which  the  necessary  pressure  is  raised  for  house  supply. 
The  storage  is  commonly  limited  to  a  few  thousand  gallons,  so 
that  a  failure  of  water  supply  becomes  a  very  serious  matter  in 
the  do^vn-town  district  in  a  very  short  time. 

32.  The  water  for  house  and  fire  sen-ices  is  either  raised  to 
roof  tanks,  or  is  put  under  equal  or  higlier  pressure  on  stand  pipes 
or  air-drums  in  the  lower  part  of  the  building.  The  divided  press- 
ure system,  installed  by  the  author  in  a  number  of  buiklings,  re- 
duces the  amount  of  pumping  required,  and  has  operated  continu- 
ously and  satisfactorily  for  nearly  ten  years. 

33.  Xearly  all  well-equipped  buildings  now  utiHze  filters  upon 
their  whole  supply,  with  beneficial  effect  on  fixtures  and  feed,  by 
the  elimination  of  sand  and  mud.  The  feed  system  is  in  summer 
a  direct  cold  feed  from  outside  supply,  the  entire  exliaust  being 
wasted,  except  in  those  cases  where  an  open  heater  is  used,  by 
which  about  20  per  cent,  of  the  feed  water  is  returned  as  con- 
densed exhaust. 

34.  In  winter,  tlie  feed  is  mainly  comported  of  condensation 
from  the  returns  of  the  heating  system  with  a  make-up  by  cold 
supply,  which  in  the  autlior's  practice  is  heated  by  passage  through 
coils  in  the  drip-drum,  where  all  oily  and  blow-off  wastes  are  col- 
lected and  cooled  previous  to  discharge  to  the  sewer.  Such  dis- 
charges, and  usually  all  drainage  of  sub-basements  or  cellars,  re- 
quire in  New  York  to  be  lifted  to  the  sewer  levels  by  pumi>s  or 
steam  syphons. 

35.  The  presence  of  surface  water  in  the  rock  seams  and  in  the 
sand  below  such  floors  renders  necessary  special  provision  for 
water-proofing,  especially  around  the  ash-pits  of  the  boilers.  One 
method  is  to  place  the  boilers  in  a  steel  plate  pan  extending  below 
their  entire  footings.  Another  is  to  sink  a  sump  pit  or  pits  at 
suitable  [>oints,  and  lay  courses  of  hollow  tile  drains  to  the  piU 
from  which  the  water  is  pum{K'd. 

3G.  In  the  Dun  r>niiding  (15)  the  author  found  a  sufficient 
supply  to  justify  sinking  a  tube  well  30  feet  deep  below  cellar 
floor,  whence  a  pump  discharges  the  supply,  which  is  fairly  clear 
but  chemically  impure  surface  water,  over  the  coils  of  tlie  re- 
frigerating plant,  thence  to  the  eleventh  floor  to  a  tank.  From 
this  tank  the  air  supply  of  an  Adams  sewage  lift  is  coniproesed, 
and  by  it  all  sewage  of  the  kitchen,  of  the  restaurant  as  well  eb 
that  «.f  the  basement  toilets,  is  lifted  to  the  sower.     The  water, 
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aftor  compressing  tlio  air,  dosoonds  to  another  tank  on  the  fourth 
level,  whence  it  supplies  the  flushes  of  the  fixtures  below,  and  is 
thus  used  three  times  over,  reducing  the  water  hill  of  the  building 
hv  $1,100  per  annum. 

37.  The  sanitary  systems  of  New^  York  tall  office  buildings  are 
installed  under  the  very  excellent  regulations  of  the  Department 
of  Buildings,  and  are  under  the  inspection  of  their  officials.  The 
rules,  however,  have  not  altogether  advanced  with  the  progress  of 
this  class  of  building  and  require  some  amendment  to  meet  the 
conditions  of  such  extended  structures. 

38.  The  provisions  as  to  proportions  of  vent  pipes  are  based  on 
the  numlH'r  of  floors,  ignoring  the  number  of  fixtures,  so  that 
one  vent  line  may  be  serving,  say,  14  fixtures  vertically  superim- 
posed, while  its  neighbor  of  same  proportions  may  have  to  serve 
the  same  number  plus  a  complete  basement  toilet  with  20  or  30 
fixtures.  Extremely  tall  vertical  stacks  of  soil  lines  are  permitted 
without  regard  to  what  will  occur  should  a  stoppage  take  place. 
They  should  be  divided  into  sets  not  exceeding  80  feet  drop.  The 
use  of  the  Konney  flushometer  has  widely  extended  since  its  first 
adoption  in  tlie  Bowling  Green  Offices  (16).  The  Department  re- 
quires a  sub-division  of  water  pressure  upon  these  appliances, 
which  is  easily  arranged  by  separate  tanks  at  intervals  of  4  to  8 
floors. 

39.  W.  C.  fixtures  are  now  universally  of  the  syphon  discharge 
pattern.  Urinals  are  no  longer  permitted  to  have  automatic 
flushes,  although  the  regulation  has  not  been  made  retroactive, 
and  many  older  buildings  still  continue  to  waste  city  water  by 
these  appliances.  All  jnping  is  carried  out  in  screwed  galvanized 
work  with  extra  heavy  galvanized  fittings. 

40.  The  j>roportion  and  location  of  toilets  is  a  matter  of  wide 
variation  in  practice.  Some  architects  have  favored  the  central 
toilet-room  situated  in  a  middle  floor  and  placed  in  charge  of  a 
r<-gular  attendant.  This,  as  in  the  case  of  the  Lords  Court,  Fig. 
41»2,  and  I>o\vliiig  (Jreon  Offices,  Fig.  4SS,  adds  coiisidorably  to  tlie 
IfK'al  elevator  travel,  and  the  .same  attendance  applied  to  independ- 
ent toilet  rooms  on  each  floor,  can  maintain  them  in  equally  good 
condition.  The  practice  seems  to  have  settled  down  to  the  latter 
arrangement. 

41.  As  to  the  number  of  fixtures  provided,  the  variation  is 
equally  wide,  and  evidently  more  a  mattxjr  of  guesswork  or  imi- 
tation than  of  any  attempt  at  methodical  proportion.     This  will 
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probably  continue  so  to  be,  so  long  as  most  architects  consider  the 
sanitary  work  of  such  buildings  as  a  matter  with  which  they  are 
technically  capable  of  dealing.  The  majority  of  such  installations 
in  these  buildings  have  been  designed  by  plumbing  contractors  for 
the  architects. 

42.  The  installation  of  restaurants  in  these  buildings  is  com- 
mon, and  the  introduction  of  tlieir  cooking  appliances  adds  to  the 
steam  consumption  quite  considerably,  and  also  presents  problems 
of  the  prevention  of  the  smell  of  cooking,  etc.,  extending  into  the 
building.  In  the  German-American  Building  (15),  Broadway 
Chambers  (18),  and  Dun  Building  (15),  Figs.  482  and  4:»:;,  the 
kitclien  is  vented  by  a  fan  <lrawing  from  nvcr  the  raiiir*'  and  dis- 
charging up  a  vent  shaft,  in  the  hitter  cases  around  a  chiiiiney 
stack.  In  the  Bowling  (ireen  tlie  vent  is  discharcr^'d  into  the  boiler 
flue,  as  well  as  the  gases  of  the  ranges. 

43.  The  lighting  of  these  buildings  is  universally  electrical,  and 
is,  as  regards  distribution  and  generation,  a  simple  operation. 
Much  of  the  interior  of  some  buildings  requires  artificial  lighting, 
see  the  shaded  parts  of  Fig.  484.  The  risks  taken  by  many  of  the 
owners  of  such  buildings,  of  having  much  of  their  natural  liglit 
cut  off  by  the  erection  of  ecpially  lofty  neighbors.  Is  a  matt^^r  whieh 
has  only  seldom  Ix'cn  tiiken  into  account  in  proportioning  the 
plant. 

44.  8uch  cases  have  been,  however,  far  from  uiieommnn.  In 
the  (rennan-American,  Fig.  480,  00  wiinl(>ws,  and  in  tli«*  lIu<lson 
Building,  Fig.  400,  no  less  than  120  window-  liavr  Imcii  elose<l  hy 
neighboring  buildings,  and  this  loss  of  light  has  liad  to  he  partly 
made  up  by  an  increase  of  artificial  light.  The  lower  outside 
offices  of  such  buildings  as  line  narrow  streets  like  Fxchango 
Place,  such  as  the  Broad  Fxchange  (20),  Wall  Fxehange  (25),  and 
part  of  other  buildings,  require  artificial  light  at  all  times. 

45.  Direct-current  systems  are  employed,  tlie  feeders  h«'ing 
made  three-wire,  only  in  order  to  provide  for  eventual  |H>ssible 
connection  of  the  public  ser\'ice;  from  the  distribution  centers 
on  each  floor  the  circuits  are  carried  in  two-wire  work  to  the  out- 
lets. The  regulations  of  the  New  York  Board  of  Fire  Under- 
writers and  of  the  Department  of  Buildings  are  followed,  and  are 
carefully  drawn  and  are  now  in  practical  hannony. 

46.  Since  the  Bowling  (Jreen  installation,  in  which  the  author 
used  unlined,  plain  enameled  iron  conduit,  and  for  the  purjH)e*e  «»f 
evading  the  then  regulations,  installed  therein  leadi-overed  (M»n- 
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duotors,  tho  rules  have  permitted  the  use  of  such  conduit  and 
mare  recent Iv  of  the  flexible  steel  imlined  conduit,  which  has  been 
Nndely  utilized.  The  latter  offers  much  advantage  to  contractors 
in  ease  of  bending  to  suit  all  conditions,  but  is  liable  to  misuse  by 
workmen  and  is  so  mindly  erected  that  due  inspection  becomes 
dithoult. 

47.  Several  buildings  have  the  autlior's  vertical  system  in- 
stalled, in  which  the  distribution  centers  are  in  the  cellar  and  the 
circuits  are  extended  vertically  up  the  lines  of  superimposed  out- 
lets. About  30  per  cent,  less  conduit  and  conductors  is  used  in  this 
method,  but  the  fixtures  in  any  room  or  set  of  rooms  must  be  cut  in 
or  cut  out  indiWdually.  Where  that  feature  is  not  required,  how- 
ever, the  i^ystem  presents  advantages  in  interior  drainage  and  in 
the  accessibility  tx>  the  engineer  of  the  fuses  of  every  circuit. 

4S.  The  usual  practice  is  to  adopt  a  pressure  of  125-120  volts, 
but  in  the  Dun  Building  (15),  and  in  a  few  others,  a  pressure  of 
240-220  volts  is  maintained,  operating  elevator  and  other  motors 
in  parallel  with  lighting  work.  The  reduction  in  size  of  con- 
ductors is  not  material,  but  there  is  a  gain  in  simplicity  of  service 
and  of  connections. 

40.  The  generators  are  in  duplicate  or  more,  generally  from 
75  to  150  kilowatts  capacity,  operated  in  parallel.  Consideration 
of  head  room  sometimes  induce  the  adoption  of  small  units,  and 
the  same  factor  has  prevented  the  adoption  of  the  vertical  engine 
as  a  motive  machine.  The  compound  engine  has  not  made  much 
headway,  more  for  similar  reasons  of  space,  than  of  disregard  of 
its  economy.  The  4-valve  engine  is  a  type  well  adapted  to  the 
condition.s,  and  has  found  some  favor  recently.  The  direct  con- 
nection of  engine  and  generator  is  the  common  form,  and  has 
much  advantiige  in  absence  of  noise  and  vibration.  The  subject 
of  foundations  for  these  engines,  interfered  with  as  they  often 
are  by  the  nature  of  the  buildings'  footings,  is  one  in  wliich  tho 
de.«!igning  engineer  finds  much  cause  for  anxiety. 

50.  Reference  may  be  made,  as  instances  of  difiiculties  over- 
come, to  tho  Hudson  Building,  where  three  75-kilowatt  machines 
are  mounted  paralhl  on  a  common  concrete}  foundation  IG  inches 
thick  by  9  feet  wide,  also  to  the  German-American  Buihiing, 
where  four  engines,  100  kilowatts,  arc  disposed  around  a  column, 
each  foundation  being  locate<l  In  a  })ocket  between  the  grilhige 
beams,  and  all  tied  together  over  the  cross-grill  by  I-beams  ex- 
tending from  one  to  another  of  the  concrete  blocks. 
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51.  The  description  of  all  the  foregoing  services  leads  to 
the  source  of  power,  viz.,  the  chimney,  the  boilers  and  the  fuel. 

By  reason  of  their  height  these  buildings  are  provided  with 
unusually  proi>ortioned  stacks.  Such  proportions  as  42  inches 
to  48  inches  diameter,  to  240  and  even  280  feet  high  are  not  un- 
common, and  the  ordinary  ndcs  of  proportion  and  work  do  not 
apply  with  accuracy.  The  discharge  of  gases  is  greatly  acceler- 
ated by  the  height  and  by  the  protection  of  the  sUick  from  heat 
loss,  by  its  being  contained  in  a  wa nn  flue.  This  practice  is 
general,  although  in  some  cases  exposed  stacks  are  provided,  as 
in  the  Bowling  Green,  225  feet  and  5  feet  diameter,  which  has 
carried  over  TOO  horse-power  besides  some  ventilation,  a  kitchen 
range,  and  a  60  horse-power  l)oiler  of  a  neighboring  building. 
The  desirability  of  close  bricking  in  of  such  chiinnies  is  question- 
able, but  is  common,  lu  the  l>n»ad\vay  Cliaiiibers,  Fig.  4s7,  258 
feet  by  44  inches,  the  flue  is  so  proportioned  that  the  stack  is  ac- 
cessible by  means  of  a  boatswain's  ladder,  and  is  also  built  with 
angle  iron  joints,  so  that  it  could  be  witlidrawii  in  sections  to  the 
roof.  The  locating  of  these  chinmies  is  often  done  with  poor  judg- 
ment, and  with  resultant  loss  to  their  efficiency. 

52.  With  such  heights,  however,  strong  drafts  are  generally 
available,  and  the  burning  of  small  anthracite  is  common  and 
effective.  The  regular  practice  is  to  use  a  No.  3  quality  which, 
with  a  draft  exceeding  seven-tenths  at  the  boiler  damper,  can  be 
carried  from  5  to  8  inches  thick  with  five  to  eight  hours*  cleanings. 

53.  Shaking  grates  are  commonly  employed,  chiefly  that  known 
as  the  McClave.  One  or  two  attemj)t^  have  been  made  to  utilize 
soft  coal  in  the  Ilawley  down-draft  furnace.  While  excellent 
results  may  be  obtained,  the  fact  that  New  York  is  not  a  soft-<'oal 
center,  and  that  hard  small  coal  is  always  more  readily  avaihible, 
militates  against  the  extension  of  the  use  of  bituminous  coal. 

54.  Storage  of  fuel  is  always  limited,  the  only  buihling  where 
as  much  as  600  tons  can  be  taken  into  store  being  the  Howling 
Green  Offices,  720  horse-power.  Some  buildings  are  very  in- 
adequately provided,  and  are  hard  pressed  in  case  of  coal  short- 
age, strikes  or  even  severe  weather.  In  some  cas«'s  nuinagi-rs 
have  paid  $0,  and  in  one  case  $20  a  t..n  f(M-  a  <noi.lv  in  sneh 
emergencies. 

55.  The  usual  supply  is  by  contract  for  daily  or  wec-kly  i\v 
liverv'  at  prices  varying  from  $2.30  to  $2. SO  per  long  ton.     .\uto- 
matic  stokers  are  installed  in  onlv  a  few  buildings.     The  strong 
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draft  renders  practicable  the  use  of  fuels  as  cheap  as  above 
stated,  with  hand  firing,  and  the  size  of  the  plants  does  not  render 
possible  any  serious  reduction  in  the  labor  employed  in  the  fi re- 
room. 

56.  The  wat^r-tube  boiler,  of  one  or  other  of  the  well-known 
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Fig.  492. — Lohds  Couht. 
15  Storieii  Above  and  one  Rclow  Stre<f .    4  More  StoricH  Added  in  1902. 

forma,  is  in  general  use  in  these  buildings.  Their  selection  and 
ri  their  proportions  have  as  often  been  a  matter  of  available 
-i'«u:e  a.s  of  tlie  duties  to  be  performed.  Installation  of  unequal 
sized  units  ha.s  been  found  economical  in  the  Central  Bank,  4S0 
hor8e-f>ower,  and  Hudson  Building,  500  horse-power.  In  the 
Broadway  Chambers,  the  space  made  available  by  the  architect's 
ria  Ijest  suited  the  vertical  type,  and  two  such  boilers  are  in- 
<-Ulled,  of  200  horse-power  each. 
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57.  The  matter  of  piping  i^  one  of  great  importance,  but  is, 
remarkably,  one  in  wliieli  no  regulation  by  public  authority  is 
made,  nor,  it  is  regrettable  to  say,  is  due  regard  paid  to  it  by 
architects  and  owners.  Consequently,  it  is  rare  to  find  power 
piping  and  connections  w^th  which  the  operating  engineers  do 
not  have  trouble,  and  to  which  changes  have  had  not  infrequently 
to  he  made.  Such  occurrences  will  continue  so  long  as  con- 
tractors are  engaged  by  architects  to  do  the  w^ork  of  planning  this 
important  part  of  a  great  building's  construction  and  operation. 

58.  It  must  be  added,  with  regret,  that  the  architectural  pro- 
fession as  a  body  have  failed  to  realize  their  responsibility  in 
regard  to  this  matter  of  the  employment  of  proper  engineering 
!ikill  upon  the  work  of  the  design  and  proportion  of  the  power 
plant  of  these  large  buildings.  The  annoyances  to  which  they 
have  subjected  the  owners  of  such  properties  by  this  course  of 
action,  annoyances  winch  are  peculiarly  inherent  to  systems  of 
mechanical  api)aratus,  and  particularly  of  piping,  have  led  to  the 
present  condition  of  the  design  and  erection  of  tall  office  build- 
ings, which  has  largely  been  taken  out  of  the  hands  of  the  archi- 
tects and  absorbed  by  general  contracting  firms.  They  employ  a 
staff  of  subordinates,  architectural  as  well  as  engineering,  whose 
ability  is  stinmlated  by  haste  and  competition,  but  whose  methods 
naturally  avoid  the  introduction  of  improvements  which  may  add 
to  the  prime  cost,  whicii  alone  concerns  their  employers. 

59.  To  this  unfortunate  condition  the  tall  office  building  power 
plant  has  been  brought,  and  the  present  state  of  the  art  of  their 
design  may  be  said  to  have  stagnated  during  several  years,  their 
iiioet  commendable  features  being  imitations  of  others. 

60.  The  description  of  these  plants  would  be  incomplete  with- 
out some  reference  to  the  personnel  to  whom  is  committed  their 
ojH?ration  and  maintenance. 

The  operating  engineers  are  licensed  by  the  special  Bureau 
of  the  Police  Department,  as  are  the  firemen  on  all  boilers  ex- 
ceeding 10  pounrls  working  pressure.  The  examinations  are  not 
very  remarkable  for  uniformity  or  scientific  accuracy,  but  suf- 
fice in  the  hands  of  old  and  experienced  mechanics  to  discriminate 
lietween  incapacity  and  ability. 

61.  Many  of  the  men  hohling  first-class  licenses  are  old  sea- 
.o.if.r  ciipnrM-rs,  the  work  (•h>sely  corresponding-  to  their  former 

'J'liey  are,  taken  U)gether,  an  exceedingly  intelhgcnt  and 
well-informed  clasa,  with  very  capable  and  definite  opinions  on 


THE   POWER   PLANT   OF    TALL   OFFICE   BUILDINGS.  1037 

the  apparatus  tliey  are  set  to  handle,  and  the  finest  sense  of  scorn 
for  those  who  have  either  condemned  them  to  handle  ineffective 
appliances,  to  work  in  unwholesome  spaces,  or  to  be  afforded  in- 
efficient assistance  and  unsuitable  fuel. 

62.  The  staff  generally  consists  of  a  chief,  whose  pay  varies 
from  $100  to  $125  per  month,  one  or  more  as>i>tiints  at  $85  to 
$100  per  month,  with  firemen  and  oilers  at  $G0  [>er  month. 

A  tribute  must  be  paid  to  these  humbler  members  of  the  great 
brotherhood  of  engineers,  whose  labors  maintain  the  constant 
sendees  of  these  large  buildings,  on  which  so  considerable  and 
important  a  population  depend  for  business  operations  in  comfort 
and  security,  and  who  thus  maintain  them,  often  under  circiuu- 
stances  of  great  physical  discomfort,  an<l  even  of  injury,  and  amid 
difliculties  which  only  those  who  have  witnessed  their  capabilities 
in  sudden  emergencies  can  fully  appreciate. 

DISCUSSION.* 

^fr.  WiJUatn  IT.  Bri/an. — The  author's  severe  criticism  nf  the 
electric  elevator  may  be  to  some  extent  justified  if  limited  to  tall 
office  building  service,  \vhich  may  l)e  said  to  be  the  last  strong- 
hold of  the  hydraulic  elevator.  It  is  doubtful,  however,  whether 
the  practice  west  of  Xew  York  will  c(Uifirui  the  author's  extn^me 
views.  It  is  true  that  we  have  no  extremely  tall  office  buildings 
in  St.  Louis,  but  there  are  several  instances  of  12  to  l(>-story 
(►ffice  buildings,  in  which  drum  elect i-ic  machines  running  .*3r)0  to 
400  feet  j)er  minute  are  giving  satisfactory  service.  The  more 
recent  structures  are  all  exjuipped  with  electric  maeiiines  and  in 
one  case  where  an  addition  was  made,  two  electric  elevators  aro 
running  satisfactorily  alongside  of  the  four  original  hy«lraulics. 
Kven  if  it  is  admitted  that  at  the  present  moment  th<'  hydraulic 
s^-^tem  is  profera])le  in  tall  office  buildings,  where  j^peeds  exceed- 
ing 400  feet  per  minute  are  necessary,  the  fact  should  n<*verthe- 
less  be  emphasized  that  for  practically  every  other  kind  of  ser- 
vice the  modern  electric  machine  is  disjilacing  all  otluT  typos. 

The  reasi.ns  are  not  far  to  se<'k.  First,  (Jreater  economy  of 
power  or  fuel,  which  saving  in  practice  is  sometliing  like  one- 
third,  often  more.  Secoml,  (Jreater  simplicity  of  instalhition,  one 
s<'t  of  generating  units  serving  for  light,  power  and  elevator  ser- 

♦For  further  discussion  on  this  paper,  sec  the  dlscuwlon   ippended  to  paper 
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vice.  Third,  Greatly  reduced  lii^t  cost  of  generating  units. 
Fourth,  Greatly  reiluced  space  oc<.*upied. 

While  a  storage  battery  improves  the  electric  service  Avhon 
elevators  and  lights  are  operated  together,  it  is  by  no  means  neces- 
sarv,  and  would  scarcely  be  recommended  solely  for  this  purpose. 
If  ample  engine  and  ox^nerator  capacity  are  provided,  with  close 
regulation,  large  feeders,  and  low  starting  current,  good  elevator 
service  can  l)c  secured  without  seriously  affecting  the  lights. 

The  cost  of  running  (paragraph  18)  seems  magnified.  In  St. 
Louis  we  have  flat  rates  as  low^  as  $10  per  month,  and  I  know  of 
no  ease  exceeding  $50  per  month.  Power  rates  for  such  service 
average  4  cents  per  horse-powder  hour. 

It  may  be  conceded  also  that  at  the  present  moment  the  record 
favors  the  hydraulic  in  the  matters  of  safety,  reliability  and  low 
repairs,  although  this  is  strenuously  denied  by  many  engineers 
and  manufacturers  who  are  in  a  position  to  know  the  facts  re- 
garding the  actual  jx^rformances  of  the  best  machines  of  both 
t,\-pes.  The  electric  elevator  is  still  comparatively  new,  and  has 
passed  through  a  severe  experimental  process  during  the  last  ten 
years.  Its  most  satisfactory  form,  and  the  one  which  may  now 
be  said  to  be  approaching  a  standard,  has  only  been  developed  a 
few  years.  It  is  reasonable  to  suppose  that  the  difficulties  and 
troubles  which  accompanied  the  earlier  machines  have  to  a  large 
extent  been  remedied,  and  that  the  record  for  the  next  ten  years 
will  compare  well  with  that  of  the  hydraulic  system,  if,  indeed,  it 
does  not  equal  or  surpass  same  in  the  still  doubtful  matters  of 
safety,  reliability,  and  low  cost  of  repairs. 

In  St.  Louis  electric  elevator  machines  located  overhead  have 
Ix-cn  very  successful.  Tliis  greatly  economizes  space  and  cables. 
Care  must  be  taken  to  secure  pent  houses  of  ample  area,  well- 
lighted,  and  easily  accessible.  In  this  respect  we  are  now  securing 
the  co<ipe ration  of  the  best  architects. 

}fr.  I!.  J*.  liolfon* — The  discussion  se^ems  to  have  l)een  mainly 
concentrated  ujKin  my  condemnation  of  the  electrically  operated 
elevator  in  paragraph  17,  and  preceding,  which  is  not,  however, 
practically  disputed  by  any  of  the  sj)eakc?rs  in  the  discussion. 

Mr.  Byran  cites  instances  of  satisfactory  operation  of  electric 
drum  machines  at  speeds  up  to  400  feet  ])er  niirmte  in  KJ-story 
bnildinprs.    I  do  not  doubt  that,  but  if  the  speed  of  GOO  feet  were 

•  Author's  closure,  under  tbe  Rulen. 


THE   POWER    PLAXT   OF   TALL   OFFICE    BUILDINGS.  1039 

attempted  as  required  by  Xew  York  conditions  in  l)uildings  of 
16  stories  and  over,  the  results  would  be  as  I  have  stated. 

-Mr.  nrvaii  recites  the  familiar  favorable  ass<*rtions  of  general 
economy,  simplicity  and  reduced  cost  and  space  of  electrical  (dcva- 
tor  apparatus,  making  no  distinction  between  the  schedule  plant 
and  little  installations  of  one  to  three  machines. 

The  old  contention  that  one  generating  unit  will  serve  with 
economy,  for  both  light  and  elevator  power,  is  not  to  be  borne 
out  if  satisfactory  service  of  both  is  recpiircxl. 

If  such  a  unit  is  to  be  employed  for  both  services,  then  the  size 
of  cylinder  must  be  predicated  upon  the  maximum  Hghtiuir  it  i- 
to  carry,  to  which  must  be  added  the  elevator  load  at  its  highest 
or  starting  point,  and  when  the  latter  irregular  item  is  not  present, 
then  the  cylinder  is  too  large  for  its  work,  and  is,  in  the  majority 
of  cases,  even  with  automatic  cut-off  engines,  working  wastt'fully. 
The  additional  cost  of  this  increase  of  engine  capacity  should  Ik* 
debited  to  the  electrical  elevator.  The  cost  of  outside  service  in 
St.  Louis,  of  4  cents  per  horse-power  hour,  is  much  lower  than 
is  obtainable  in  Xew  York,  but  even  with  that  low  rate,  the  figures 
of  $10  to  $50  per  month  per  elevator,  serves  to  show  that  the 
service  is  less  than  one-half  of  that  expected  of  the  machiiu's,  tlu» 
cost  of  which,  I  (juoted  in  ])aragra])h   is. 

To  .Mr.  Xistle's  remarks,  1  reply,  that  the  inherent  fault  of 
all  electrically  operated  machines,  for  rapid  schcdide  service,  h 
lack  of  <lir('ct  means  of  arresting  the  momentum  <>f  tlir  moving 
clciiients  of  the  ai)i)aratn<,  except  by  such  mechanically  unreliable 
devices  as  brakes,  whereas  the  hydraulic  cvlin<ler  has  a  dire«*t  and 
positive  control  on  the  heaviest  jiarts  of  the  moving  apparatus,  an<l 
this  is  a  feature  that  the  <lrum  electric  machine  does  not  p«»ssess, 
ami  \vhi(di  the  Sprague  screw  machine  set  out  to  imitate. 

Mr.  Kockwood's  reference  to  the  "  Plunger"  type  of  elevator, 
introduces  it  as  one  which  he  api)arently  reganls  as  suited  to  all 
sorts  of  coiiditi<>ns,  in(dusive  of  office-building  w«>rk.  1  cannot  be 
accused  of  any  liostility  t(>  this  exceedingly  desirable  form  of 
apj)aratus,  inasmiudi  as  I  was  the  only  engineer  who  had  the 
couraire  to  ado])t  it  for  a  height  of  travcd  exceediiii;  lM)()  feet,  and 
to  undertake  the  responsibility  of  boring  in  M:iiili:itt:in  rock  to  tlio 
depth   recpiired. 

"Rut  T  did  not  introduce  it  in  my  ])ai>er  for  the  reason  that  it  i« 
not  a  suitable  apparatus  for  high  office  buildings,  as  it  lackft  the 
same  element  as  the  electric,  nanudy  means  of  positively  arrest- 
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ing  the  momentum  of  travelling  parts.  It  is  trne  that  this  is  the 
case  only  on  the  up-run,  but  that  is  the  side  on  which  the  plunger 
svstem  is  weak. 

With  reference  to  Mr.  Suplee's  remarks,  the  only  hope  for 
ventihition  in  tall  office  buildings,  is  in  the  employment  of  venti- 
lating engineers  in  advance  of  or  on  equal  terms  with,  tlie  archi- 
ttx*t.  By  the  tune  any  engineer  gets  to  work  on  these  buildings 
the  conditions  have  been  fixed  so  far  as  to  render  any  effective 
system  of  ventilation  impracticable. 

T  am  completely  in  accord  with  Mr.  GiflPord's  remarks  in  favor 
of  the  four-valve  engine  for  this  class  of  work.  I  have  not  favored, 
nor  have  I  installed  any  compounds  on  office  building  work.  In 
liotcls,  tlie  conditions  are  very  different  and  warrant  their  use. 

1  would  have  ])cen  glad  to  adopt  ^Ir. Colics'  suggestion, of  atable 
of  cost  of  maintenance  and  charges  per  floor,  above  16,  and  hope  I 
may  be  able  to  do  so  at  a  later  date.  It  will  exhibit,  I  believe,  the 
blundering  system  by  which  very  many  of  the  buildings  have 
l>een  equipped.  I  quite  agree  with  ^Ir.  Colles  that  the  electrical 
part  of  the  ecpiipment  of  office  buildings  is  a  matter  of  very  simple 
character.  Outside  of  the  vertical  circuit  system,  paragraph  47, 
and  of  the  abandonment  of  interior  lining  of  conduits,  paragraph 
46,  no  improvement  of  any  kind  has  been  made  in  ten  years  past 
in  this  direction. 
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THE  STEAM   TURBINE   IX  MODERN  ENGINEERING.^ 

BY   W.    I..    R.    EMMET.    SCHENEfTADT,    N.    T. 
(Member  of  the  Society.) 

1.  Most  of  you  are  more  or  loss  familiar  with  the  general  char- 
acter of  the  steam  turbines  of  Parsons  and  DeLaval,  which  are 
the  principal  forerunners  of  the  type  to  which  this  paper  relates. 
These  machines  represent  the  opposite  limits  of  possibility  in  steam 
turbine  design,  and  a  comparison  of  them  is,  therefore,  very  inter- 
esting and  suggestive  in  considering  other  methods. 

2.  The  expansive  force  in  steam  is  capable  of  im})arting  to  the 
steam  itself  very  high  velocities,  and  the  problem  which  presents 
itself  to  the  designer  of  steam  turbines  is  to  devise  means  by  which 
the  velocities  of  moving  jets  or  columns  of  steam  may  Ix"  made 
to  give  up  their  work  effectively  to  uK^chanical  parts  which  run  at 
practical  speeds. 

3.  In  the  DeLaval  turbine  the  total  availabh'  power  of  the 
steam  is  used  in  a  single  set  of  nozzles,  and  all  the  useful  work 
obtained  is  delivered  by  jets  from  these  nozzles  to  a  siugh*  circle 
of  moving  buckets.  In  the  Parsons  turbine  there  are  30  or  40 
circles  of  moving  bucket.s  and  stationary  directing  vanes.  A 
small  proportion  of  the  energy  in  .^^team  is  used  in  each  set  of  sta- 
tionary vanes  to  iinjiart  velocity  to  the  steam  with  the  most  etlec- 
tive  direction.  This  energy  of  motion  is  then  in  part  given  up  to 
the  next  circle  of  moving  buckets.  These  turbines  ap|)eared  at 
about  the  same  time,  nearly  twenty  years  ago.  One  does  its  work 
in  one  process  and  tlie  other  in  many  successive  processes,  but 

*  Presented  at  the  Chicago  meeting  (May  and  June,  1904)  of  th«»  American 
Swioty  of  Mechaniciil  Engineers,  and  fomiing  part  of  Volume  X.W.  of  the 
Transar/ions. 

\  For  further  disciissioti  on  this  topic  consult  Tran»actiou«  as  follows  : 
No.  345.  vol.  X..  p.  68() :  "  Notes  on  Steam  Turbine."    .1.  B.  Webb. 
No.  04H,  vol.  xvii..  p.  281  :   "  Stenni  Turl.in»'  "     W    F    M    ^'osm 
No.  870.  vol.  xxii.,  p.  170;  "Sti-nm  Turbines."     H.  11.  Thurnton 
No.  987,  vol.  xxiv..  p   999  :  "Steam  Turbines  from  Ojierating  Standpoint."     F. 
A.  Waldron 
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in  spite  of  this  wide  differenee  of  metliod,  both  turbines^  at  an  early 
dat^'  produced  good  results,  and  results  which  were  not  mdely 
diff(*n'nt  from  each  other  in  degree  of  thennal  economy. 

4.  It  might  be  supposed  that  the  existence  of  these  results, 
accomplished  in  such  widely  different  manners,  would  have  quickly 
led  to  the  development  of  other  practical  methods  and  to  the 
earlier  introduction  of  the  steam  turbine  on  a  large  scale,  but  in 
fact  many  years  elapsed  before  either  of  these  turbines  began  to 
be  very  extensively  developed,  and  before  any  important  new  types 
made  their  a})pearance.  The  Curtis  steam  turbine,  which  has 
very  recently  appeared  on  the  market,  is  the  first  radically  new 
commercial  machine  different  in  type  from  either  the  Parsons 
or  DeLaval  machines.  The  general  purpose  of  the  Curtis  design 
is  to  produce  results  with  a  reasonable  number  of  simple  parts 
and  at  moderate  speeds,  while  the  Parsons  turbine  requires  a  very 
large  number  of  small  parts  and  the  DeLaval  turbine  employs 
excessively  high  speeds  inapplicable  to  mechanical  purposes  with- 
out the  use  of  speed  reducing  gearing. 

5.  Mr.  Curtis's  experiment  on  steam  turbines  had  been  going 
on  for  aV>out  four  years  before  the  General  Electric  Co.  under- 
totjk  to  build  any  machines  for  service.  At  the  end  of  that  period, 
and  at  a  time  now  about  four  years  ago,  the  author  first  became 
connected  with  the  enterprise,  being  asked  to  express  an  opinion 
concerning  the  value  of  the  invention.  Other  engineers  had  re- 
fK)rted  unfavorably,  and  tlie  discontinuance  of  work  was  a  pos- 
siliility.  'J'he  oj)inion  given  was  that  the  invention  afforded  great 
|K»-sibilitie8,  particuhirly  in  the  matter  of  simplicity  and  economy 
of  production;  that  the  development  of  commercial  machines  was 
ju.stifi<'d  by  the  experiments  and  should  be  begun  at  on(;e,  and 
tl^at  the  development  of  high  degrees  of  steam  economy  was  to 
be  expected  with  further  experience. 

6.  This  report  led  to  the  beginning  of  work  on  a  larger  scale; 
the  first  »U'\)  being  to  build  a  GOO  kilowatt  unit,  which  was  ])ut 
into  ojK-ration  at  Schenectady  in  November,  11)01.  Tliis  machine 
wa.H  built  on  the  general  lines  previously  considered  by  Mr.  (hirtis, 
ulf),  a  horizont^il  shaft  and  two  stages  with  groups  of  wluicls  in 

;  .trat^*  casings.     The  arrangement  of  buckets  and  nozzles  were 

«lK>iit  a.s  Hhown  in  Fig.  4JH.     Tests  of  the  machine,  which  were 

carried  on  for  Home  months  showed  very  good  results,  which  were 

'd  in  the  author's  j)aper  to   the   American    Philosophical 

>AjciLly  in  April,  1002.     The  success  of  this  mjichine  led  to  the 
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undertaking  of  commercial  work  on  a  large  scale,  and  the  expe- 
rience so  far  obtained  and  a  careful  study  of  mechanical  possibili- 
ties led  to  the  adoj)tion  for  this  new  work  of  radically  new  mechan- 
ical designs,  applied  to  bucket  and  nozzle  arrangements  similar 
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to  those  previously  used  and  lirst  recommendcM]  by  Mr.  Curtis. 
The  first  machines  designed  of  this  new  type  were  a  r),OUO  kilowatt 
unit  for  the  Chicago  Edison  Co.  and  a  '»()()  kilowatt  unit,  the  tirst 
of  which  was  installed  at  Newport,  II.  I.  Four  machines  from  the 
former  and  about  forty  from  the  latter  ih-sign  have  up  to  tlie  pres- 
ent time  been  iiistalh'*!. 
67 
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7.  These  inacliines  are  built  Avith  shafts  iu  a  vertical  position; 
the  toU\\  weight  of  revolving  part  being  borne  by  a  step-bearing 
at  the  foot  of  shaft,  and  shaft  being  steadied  and  aligned  by  three 
Innirings,  one  at  the  top  of  generator,  another  near  the  foot  of 
shaft,  and  a  third  between  the  generator  and  turbine.  Many 
reasons  led  to  the  adoption  of  this  arrangement  which  involved 
some  untried  features,  but  which  afforded  very  great  practical  ad- 
vantages. A  careful  consideration  of  designs  indicated  that  the 
untried  features  involved  little  risk  of  serious  difficulty,  and  expe- 
rience has  shov>'n  that  this  judgment  was  sound.  Some  of  the  im- 
portant advantages  of  the  vertical  shaft  type  are  as  follows : 

The  relative  positions  of  revolving  and  stationary  parts  are 
definitely  fixed  by  the  step-bearing. 

The  stationary  part  is  symmetrical,  easily  machined  and  free 
from  distortions  by  heat. 

The  shaft  bearings  are  relieved  from  all  strain,  and  fnction 
is  practically  eliminated. 

Tiic  shaft  is  free  from  deflection  and  can  be  made  of  any  size 
without  reference  to  bearings,  which  can  be  placed  where  con- 
venient and  operated  with  surface  speeds,  which  would  not  be 
I»racticable  with  the  horizontal  arrangement. 

'J'hese  features  make  possible  the  use  of  a  very  short  shaft,  and 
con.sequently  the  longitudinal  spacing  of  moving  and  stationary 
parts  is  very  little  effected  by  temperature  differences. 

The  turbine  structure  affords  support  and  foundation  for  the 
generator. 

The  cost  of  foundations  is  very  small,  and  the  solidity  and  align- 
ment of  foundation  is  not  of  vital  importance. 

Much  floor  space  is  saved. 

All  parts  of  the  machine  are  conveniently  accessible. 

Failure  of  lubrication  cannot  injure  the  shaft  or  other  expensive 
parts. 

8.  Another  new  feature  of  these  designs  is  the  arrangement 
of  valves;  the  turbine  being  governed  by  the  successive  o])ening 
of  «tcam  ofKTatcd 'valves,  which  are  independent  of  each  other, 
but  which  are  all  controlled  by  the  centrifugal  governor.  With 
thia  arrangement  the  speed  control  of  the  turbine  is  not  dependent 
upon  the  Buccessful  operation  of  all  the  valves,  since  the  governor 
automatically  keeps  open  as  many  valves  as  the  machine  recjuires, 
and  in  the  event  of  troulde  with  one  valve  opcms  another  to  take 
it«  place.     The  character  of  thc-se  first  vertical  shaft  designs  is 
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illustratctl  l»v  tlio  cross  section  drawing  of  (^hicai^'o  machine,  Fig. 
4JK5.  ^liKst  of  tlie  drawing's  of  ])arts  which  are  here  given  show 
the  designs  which  liave  been  a(lo])ted  in  connection  with  later 
machines,  and  do  not  apply  to  the  machines  at  Chicago  or  others 
of  that  date.  Tlie  principles  involved  are,  however,  the  same 
in  all. 

9.  In  this  Chicago  machine  tliere  are  two  stages,  each  stage 
liaving  a  single  wheel  whicli  carries  four  rows  of  moving  buckets. 
On  the  stationary  part  there  are  three  rows  of  stationary  buckets 
opposite*  each  group  of  nozzles  used.  The  shaft  is  in  one  piece 
from  the  step-bearing  to  the  top  of  the  generator.  The  wheels 
are  of  cast-steel  mounted  upon  it  with  taper  fits.  The  stages  are 
separated  by  a  cast-iron  diaphragm  which  is  fitted  with  valves 
which  are  now  operated  by  hand,  but  which  are  being  arranged 
to  operate  automatically;  it  being  advantageous  to  constantly 
maintain  a  certain  pressure  relation  between  the  stages. 

10.  The  ste]>-bearing  is  shown  by  Fig.  406  and  consists  of  two 
oast-iron  blocks,  one  carried  l)y  the  end  of  the  shaft  and  the  other 
held  firmly  in  a  horizontal  position  and  so  arranged  that  it  can 
be  adjusted  up  and  down  by  a  powerful  screw.  The  lower  block 
is  recessed  to  about  half  its  diameter,  and  into  this  recess  oil  is 
forced  with  sufficient  pressure  to  balance  the  weight  of  the  whole 
revolving  element.  The  amount  of  oil  required  is  small.  About 
5  gallons  per  minute  is  used  in  the  5,000  kilowatt  machine,  but 
with  a  good  alignment  it  could  be  satisfactorily  operated  with  a 
much  less  amount.  The  oil  after  passing  between  the  blocks  of 
ste[>-bearing  wells  upward  and  lubricates  a  step-bearing  supported 
by  the  same  casting.  This  whole  structure  is  inside  of  the  base, 
and  a  packing  is  used  between  tlie  oil  chamber  and  the  base, 
so  that  oil  or  air  cannot  get  into  the  vacuum  c^liamber.  A  small 
steam  pressure  is  maintained  between  the  sections  of  this  packing, 
in  ord<T  that  these  objects  may  be  accomplished  with  certainty. 
In  many  cases  these  same  step-bearings  liavc  been  operated  with 
watiT  instead  of  oil.  in  wliich  case  no  packing  is  necessary;  the 
water  ]>eing  allowed  to  pass  into  tin-  l)as('.  In  some  of  our  latest 
,1.  :._.  .  -^yjifp,.  ^yjii  ),j.  l^^f.^l  exclusively;  the  lower  snrface  of  stej)- 
- g  Iw-ing  of  wood  and  no  packing  being  providecl. 

11.  The  extreme  conditions  to  which  these  step-bearings  are 
subjected,  and  a  complete  lack  of  precedent  for  such  designs  led 
at  firnt  to  many  donljts  concerning  the  success  of  this  feature. 
KxpK'rience  ha»,  however,  shown  that  these  doubts  were  without 
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foundation.  Practically  no  troubles  or  interruptions  have  resulted 
from  tbis  cause,  and  the  step-bearings  have  shown  a  ruggedness 
and  stability  far  beyond  our  expectations.  Many  of  our  turbines 
have  been  operated  under  more  or  less  temporary  conditions  in 
incompleted  stations,  and  there  have  been  nuiny  accidental  stop- 
pages of  step-bearing  pressure  while  machines  were  running.  In 
hardly  any  cases  have  such  stoppages  caused  even  an  interru})- 
tion  of  service.  The  step-bearing  surface  cuts  immediately  when 
lubrication  is  stopped,  but  the  metal  from  it  is  removed  very 
slowly  and  it  has  the  power  of  re-establishing  itself  almost  imme- 
diately when  oil  flow  is  again  started.  We  expected  that  this  con- 
dition would  exist  in  smaller  machines,  but  did  not  hope  for  it  in 
larger  machines,  and  took  precautions  to  provide  accumulators 
and  other  auxiliaries  necessary  for  permanent  maintenance  of 
step-bearing  pressure.  In  spite  of  these  fears  and  precautions 
the  step-bearing  pressure  has  through  accidents  failed  five  or  six 
times  in  the  Chicago  Edison  plant,  and  all  of  the  three  machines 
now  operating  there  are  running  on  step-bearings  which  have 
been  subjected  to  such  stoppages.  In  no  case  has  any  harm  re- 
siihed  to  the  machines,  and  the  bearings  have  always  operated  just 
as  well  as  if  they  were  in  a  perfectly  new  condition.  Our  policy 
in  adopting  the  vertical  design  and  putting  our  dependence  in  the 
step-bearing  was  to  put  all  our  eggs  in  one  basket  and  watch  the 
basket.  We  have  now  discovered  that  very  little  watching  is 
necessary.  In  our  newer  designs  we  are  providing  a  powerful 
brake  bearing  on  the  lower  surface  of  a  chilled  iron  ring  carried  by 
the  lower  wheel.  This  brake  can  be  conveniently  operated  from 
the  outside,  and  can  be  usod  to  take  the  whole  weight  of  the  revolv- 
ing part  in  case  the  step-bearing  supj)ort  should  fail.  In  ordinary 
o|HTatir»n  the  shoes  of  this  brake  will  be  set  about  0.01  inch  below 
the  brake  ring.  It  is  thus  in  a  position  to  receive  the  revolving 
part  in  case  the  step-bearing  support  should  fail.  Another  and 
more  iinf)ortant  function  of  this  brake  is  to  stop  the  machine  when 
it  is  desired  to  do  so.  One  of  the  5,000  kilowatt  vortical  shaft 
inaehines  will  run  for  four  or  five  hours  after  the  steam  has  been 
fthut  off,  unless  load  is  put  upon  it  or  a  brake  is  applied. 

12.  One  of  the  mr>st  important  matters  in  all  steam  turbine 
work  is  the  matter  of  balance,  and  the  importance  of  good  balance 
applies  as  well  to  vertical  turbines  as  those  that  arc;  operated  in  a 
horizontal  jx^sition.  When  the  balance  is  good  the  bearings  on 
vertical  turbine  shaft  are  practically  free  from  strain  or  fric- 
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tion.  It  is  possible  to  operate  these  machines  successfully  with 
very  considerable  imperfection  balance,  but  a  perfect  balance  is 
practicable,  and  should  be  attained  in  every  case. 


Fu;.    }»!>. 


1''5.  Hg.  497  flhowrf  the  connertion  of  valve  meclianism  to  gov- 
ernor in  one  of  our  new  r>,(U)0  kilowatt  f inbirKs.  Fig.  41)8  shows 
one  of  the  controlling  valves  used  with  this  arrangement.    Each  of 
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above  mentioned  arc,  as  1  have  said,  designed  in  aecord.neo  with 
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these  controlling  valves  operates  one  or  more  main  valves  which 
conmiunicate  with  the  first  stage  nozzles.  This  controlling  valve  is 
so  designed  that  it  always  passes  positively  from  one  of  its  seats 
to  the  other.  Xo  matter  how  gradually  the  force  is  applied  it 
opens  both  ways  on  the  principle  of  a  pop  safety  valve.  It  is  thus 
always  finnly  seated  and  is  free  from  the  deterioration  which 
leakage  would  cause.  The  total  number  of  these  valves  recjuired 
imposes  a  light  load  upon  the  governor  which  is  made  strong 
enough  to  give  any  desired  accuracy  of  speed  regulation  without 
the  possibility  of  lag  or  sticking.  The  controlling  valves  on  our 
earlier  vertical  shaft  turbines  were  actuated  by  electric  magnets. 
This  mechanical  arrangement  is  simpler  and  more  positive. 

l-i.  Fig.  500  shows  a  base  for  su])])ortiiig  one  of  our  5,000  kilo- 
watt turbines  which  also  performs  the  functions  of  a  surface  con- 
denser. This  combination  has  been  adopted  in  several  of  our 
newer  designs ;  among  them  the  2,000  kilowatt  unit,  which  is 
now  installed  at  the  St.  Louis  Fair.  This  arrangement  is  adapted 
to  the  production  of  the  best  possible  vacuum  with  a  given  water 
supply,  and  also  has  the  advantiige  of  a  considerable  saving  of 
space.  Two  5,000  kilowatt  units  e(piij)j)ed  with  these  condenser 
bases  are  now  being  installed  for  the  ]>oston  Kdison  (.'o. 

15.  Fiir.  501  shows  the  cross  section  assend>lv  of  tin*  500  kilo- 
watt  unit  above  mentioned.  This  machine  is  designed  with  two 
stages  and  three  rows  of  buckets  per  stage.  Its  general  features 
and  characteristics  are  similar  to  thase  of  the  larger  units,  and 
need  not  be  separately  described.  This  machine  has  been  tested 
under  a  variety  of  conditions  at  Newport,  and  has  given  result.s 
which  illustrate  very  well  the  advant^iges  of  the  type.  Among 
other  tests  that  were  made  the  machine  was  operated  on  a  nipidly 
changing  railway  load;  the  momentary  variations  of  loa<l  amount- 
ing to  about  120  kilowatts.  Tn  one  test  the  average  load  carrie<i 
with  this  fluctuation  was  250  kilowatts,  and  the  st^ani  ccmsump- 
tinn  was  24.4  pounds  pn-  kilowatt  hour  output  with  sattirated 
steam.  Another  test  was  run  with  similar  fluctuations  and  witli 
an  average  of  421  kilowatts.  The  steam  coiLsumption  under  this 
condition  was  20.7  jmunds  <»f  saturated  steam  per  kilowatt  hour 
output.  The  best  reciprocating  engine  under  conditions  of  the 
first  test  would  probablv  consume  from  2S  to  30  pounds  |>er  kilo 

watt  hour. 

10.  The  5.000  kilowatt  and  500  kilowatt  two-«t«ge  nuicliine* 
above  mentioned  are,  as  I  have  said,  designed  in  accordance  with 
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Mr.  Ciirtis's  orioinal  conceptions  before  we  had  the  benetit  <»f 
much  study  and  practical  experience.  After  construction  of  these 
machines  had  been  begun,  we  became  convinced  that  other  ar- 


rangements of  steam  jiarts  would  b.-  irmn'  advantnp'ons,  anil  iM-pin 
the  design  of  a  new  type,  the  construction  <»f  which  \va»  well  ad- 
vanced before  our  first  experiences  with  the  first  tyin?  were  ol>- 
tained.  Tiieorv  and  cxiuM'inient  indicated  that  we  could  obtain 
better  economy  from  the  new  design  adopted,  and  it  also  aflFordj* 
the  advantages  of  greater  simplicity  and  a  Uater  mechanical 
structure.     These  new  machines  are   ideally  simple,  with   largu 
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clearances  and  practically  no  tendency  to  distortion.  No  parts 
of  them  are  subjected  to  heavy  strains,  and  no  particular  accuracy 
cir  thoroughness  of  workmanship  is  required  in  any  part.  Machines 
of  this  type,  which  have  very  recently  been  put  into  operation, 
have  started  without  any  trouble  or  interruption  and  given  very 
perfect  service. 

IT.  After  we  had  embarked  upon  the  manufacture  of  a  great 
number  of  large  turbines,  and  had  already  put  into  production 
this  new  type,  we  began  to  receive  reports  of  rapid  advances  in 
the  turbine  art  elsewhere.  Large  turbines  of  the  Parsons  type 
in  Europe  produced  high  steam  economies,  and  we  began  to  meet 
in  competition  good  guarantees  of  steam  economy  with  relatively 
low  prices.  The  results  of  tests  on  our  first  machines  were,  there- 
fore, awaited  with  great  interest.  We  had  good  reasons  for  our 
beliefs  concerning  the  results  which  could  be  produced,  but  we 
were  very  slightly  supix)rted  by  practical  experience,  and  were 
dealing  \nth  a  problem  which  involved  immense  values. 

18.  There  have  been  many  delays  in  completing  the  first  of 
these  new  machines,  and  it  has  been  necessary  to  interrupt  tests 
in  order  to  meet  customers'  requirements,  and  mistakes  and  acci- 
dents in  steam  plant  have  caused  further  delay  in  testing.  We 
have  recently  obtained  accurate  tests  from  this  first  new  machine 
as  originally  designed.  The  capacity  of  this  machine  is  2,000  kilo- 
watts. It  operates  a  6,600  v.  25  cycle  generator  at  a  speed  of 
750  revolutions  per  minute.  It  is  temporarily  installed  in  the 
General  Electric  Company's  power  station  at  Schenectady,  with  a 
surface  condenser  having  6,000  square  feet  of  cooling  surface. 
The  following  are  results  obtained  under  difl^erent  running  condi- 
tions. The  tests  on  March  12th  and  on  May  11th  were  made  upon 
different  machines  of  similar  design.  Considering  the  different 
conditions,  the  results  are  consistent. 


a  P.    M .   750 

(ImufTf!  Prffisure 150 

Sufwrheat  K 215 

Corrected  Vacaum 28.2 

Lbs.  Steam  a«ed  p^r  Kw.  lioiir   .    .     20. 1 

Such  analysis  of  results  as  we  have  been  able  to  make  indicates 
that  a  different  proj)ortioning  of  certain  j)arts  will  give  us  a  sub- 
stantial improvement. 


March  1 

LMh. 

May  nth 

1000 

2000 

2270 

750 

750 

750 

100 

155 

100 

242 

242 

260 

28. 

9 

28.73 

28.1 

10 

.3 

15.8 
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DISCUSSION.* 


Mr.  Francis  Hodgkinson. — Mr.  Emmot's  papor  is  of  particu- 
lar interest,  insomuch  tliat  he  describes  nuinv  features  of  the 
mechanical  construction  of  the  turbine  in  which  he  is  interested. 
It  is  unfortunate,  however,  that  he  lias  not  furnished  us  witli 
more  records  of  performance  ma<le  under  a  variety  of  operating 
conditions,  instead  of  but  one  test  on  one  nuichine,  under  what 
miglit  be  described  as  elaborated  conditions  of  oixration,  if  not 
under  what  mio-ht  be  stvled  a  somewhat  commercial  condition — 
that  is,  28.73  inches  vacuum  and  242  degrees  Fahr.  superheat. 
The  results,  however,  sound  very  excellent,  but  the  high  vacuum 
and  suix^rheat  should  be  reckoned  witli. 

In  my  paper  I  describe  a  test  made  by  'Sir.  F.  W.  Dean  under 
somewhat  high  operating  conditions,  although  not  as  high  as 
those  described  by  ^Ir.  Fmniet.  With  180  degrees  superheat 
and  28  inches  vacuum,  the  steam  consumption  ])er  brake  horse- 
power hour  was  11.17.  With  the  superheat  100  degrees,  it  wa.-^ 
12.00  pounds  at  almost  the  same  load.  If  we  assume  the  in- 
crea.se  in  economy  <lue  to  superheat,  between  180  degrees  and 
240  degrees  to  be  at  the  -same  rate  as  between  100  degrees  and 
ISO  degrees,  the  result  of  11.17  |w>un<ls  per  brake  horse-power 
hour  would  be  improve<l  about  i').7  per  cent.  The  increase  of 
vacuum  from  2S.08  inches  to  28.73  inches  will  improve  tlio 
economy  of  a  Westinghou.se-Par.sons  turbine  about  2|  per  cent. 
Allowing  a  generator  etiieieney  of  1)5  per  cent.,  brings  tlie  result 
of  this  400  kilowatt  turbine  to  14..')  poun<ls  per  kilowatt  hour, 
against  Mr.  p]mmet*s  best  result  of  ir>.;j  pounds  per  kilowatt  imur 
with  a  2,000  kilowatt  unit. 


*  For  further  diacusHion   on  this  paptr  see  tbe  discu8«ioii    appended  U>  pajKT 
No.  1037. 
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No.  1047.* 

THE  DE  LAVAL   STEAM  TURBINE.\ 

BY   E.   S.   LEA,   TRENTON,    N.   J. 

(Member  of  the  Society) 

AND 

E.  MEDEN  (Non-Member). 

1.  The  fundamental  principles  of  the  De  Laval  Steam  Turbine 
are  clearly  shown  in  Fig.  503.  It  is  a  pure  impact  turbine,  with  a 
single  turbine  wheels  carrying  one  row  of  buckets,  to  which  the 
steam  is  delivered  in  free  jets  at  the  highest  possible  velocity. 
Those  steam  jets  come  from  stationary  nozzles,  tapered  so  as  to 
increase  their  cross  sectional  area  toward  the  outlet  end  of  the 
nozzle,  and  so  calculated  that  the  steam,  before  leaving  the 
nozzle,  has  fully  expanded  down  to  the  pressure  prevailing  in 
the  exhaust  chamber  of  the  turbine,  and  has  assumed  a  correspond- 
ingly high  velocity,  so  that  its  whole  available  energy  has  been 
transformed  into  kinetic  energy. 

2.  The  velocity  of  the  steam  jets  varies  considerably,  owing  to 
change  in  pressure  of  the  steam  before  entering  the  nozzles,  to 
varying  exhaust  pressure,  and  to  a  greater  or  less  degree  of  mois- 
ture or  superheat  in  the  steam.  The  lower  limit  of  this  velocity 
found  in  general  practice  might  be  considered  as  about  2,000  feet 
per  second,  which  is  obtained  at  a  steam  pressure  of  about  45 
pounds  per  square  inch,  at  an  exhaust  pressure  equal  to  the  at- 
mospheric pres.sure,  and  with  steam  containing  10  per  cent,  of 
moisturf .     Tlio  ui)p('r  limit  is  found  to  be  about  4,400  feet  per 


•Pre«ent«-<1  at  the  Chb^^  meeting  (May  and  June,  1904)  of  tlx;  Auu-rican 
S«iri*'ty  of  Mf'olianical  En^neerH,  and  forming  part  of  Volume  XXV.  of  the  Trans- 
ariif/ns. 

f  For  farther  discuHsion  of  thJH  topic,  consult  Transactions  as  follows  : 
No.  845,  Tol,  X..  p.  680:  " Notes  on  Steam  Turbine."    J.  H.  Webl). 
No  «48.  vol.  ivii..  p.  81  :  "  8t«-nm  Turbine."     AV.  F.  M.  (ioss. 
No.  876.  vol.  xxii.,  p.  170:  "Steam  Turbines."     R.  If.  Thurston. 
No,  ©87.  Tol,  xxlv..  p.  1199  :  "  Steam  Turbines  from  Operating  Standpoint."  F.  A. 
Waldron. 
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second,  at  a  steam  pressure  of  '200  pounds  jx^r  square  ineli,  at  27.5 
inches  vacuum,  with  the  steam  su})erlieated  200  degrees  Fahr. 
The  velociry  of  the  steam  will  detcniiiiic  the  conditions  uinlcr 
which  a  maximum  of  the  transformation  of  the  steam  jets'  kinetic 
energy  into  useful  mechanical  work  can  be  reached,  these  con- 
ditions being  the  same  as  for  impact  water  turbines. 

3.   The  nozzle   angle,   or  the  angle  of  the  steam  nozzle  with 


Fig.  503.  — Dk  L.vval  NVhkkl  and  N«»zzle. 


relation  to  the  jdane  of  tlie  wheel,  should  be  as  smnll  as  possible. 
A  certain  mathematical  ndation  should  exist  between  the  noz/lo 
angle,  the  velocity  of  the  steam  jet,  the  pcripiieral  velocity 
of  the  turbine  wheel,  and  the  inh't  angle  of  the  buckets.  Tlio 
outlet  angle  of  the  buckets  should  be  the  smallest  possible. 
Practical  considerations  limit  to  a  certain  degree  the  attainment 
f>f  ])r(»j)er  antrlcs  for  the  very  bt-st  cfliciency.  Thus,  in  tin* 
De  Laval  Turbine,  a  nozzle  angle  of  20  degrees  iins  iK'cn 
established   for   all   sizes   of   the    turbine,    the    inlet   and   outlet 
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angles  of  the  buckets  are  made  alike,  niul  are  32  degrees  for 
smaller  sizes,  30  degTees  for  larger  sizes.  With  these  angles 
tixed,  and  taking  into  consitU^'ation  th(^  thickness  of  the  buckets, 
it  wnll  be  found  that  tlie  best  theoretical  peripheral  velocity  of 
the  turbine  wheel  will  be  about  950  feet  per  second  for  a  steam 
jot  velocity  of  2,000  feet  per  second,  and  about  2,100  feet  per 
second  for  a  jet  velocity  of  4,400  feet  per  second. 

4.  Contrary  to  popular  belief,  there  are  no  reasons,  either  theo- 
retical  or  practical,   to  prevent  the  building  of  a  safe  turbine 
wheel,    with    a   peripheral   velocity    as   high    as    2,100    feet   per 
second;  only  economical  reasons  have  put  a  limit  to  it.     In  the 
turbines   tliat    have    been    built,    the    actual    peripheral    velocity 
varies  between  about  1,400  feet  per  second  in  the  larger  sizesj- 
and  about  500  feet  per  second  in  the  smaller  sizes.     In  com- 
parison   with    existing    machinery    and    other    types    of    steam 
turbines,     these     velocities     are     exceedingly     high,     and     have 
necessitated   the    solution    of    some    very    interesting   theoretical 
problems,  such  as  the  calculating  of  the  strains  in  wheels  revolv- 
ing at  liigh  speeds,  detennination  of  flexible  shafts  suitable  for 
carrying  these  wheels,  etc.    These  theories  would  occupy  too  much 
space  to  enumerate  here,  and  as  they  have  been  published  in  the 
technical  literature,  we  have  omitted  them.     We  would  especially 
refer  to  a  book  on  the  steam  turbine  ''  Die  Dampfturbinen  und 
die  Aussichten  der  Wiirmekraftmaschinen,"  by  Dr.  A.  Stodola,  of 
Switzerhind,  Avhere,  apart  from  some  slight  inaccuracies,  the  said 
theories  have  been  pubhslied  in  an  exliaustive  and  able  manner. 
This  book  is  now  being  translated  into  English  by  Dr.  Lewis  C. 
Loewenstein,   Instructor  in  Mechanical   Engineering   at   Lehigh 
University,  and  will  be  on  tlie  market  in  about  two  months.     This 
\xxjk  also  contains  that  part  of  thermodynamics,  dealing  witli  the 
outflow  of  steam  through  nozzles,  and  tlie  determination  of  ex- 
panding stoam  nozzles,  as  well  as  the  efficiencies  obtainable  from 
the  work  of  the  steam  turbines. 

5.  The  diameters  of  the  tur])ine  wljcels  are  sucli,  in  relation 
to  the  given  peripheral  velocities,  that  the  speeds  run  from 
10,000  revolutions  per  minute  for  tlie  largest  size,  to  30,000  revo- 
lutions per  minute  for  the  smallest  size.  These  speeds  are  re- 
duced approximately  10  to  1,  by  lirlifjil  ^f-earing,  giving  driving 
fhaft  speeds  of  000  to  3,000  revolutions  per  minute.  A  single 
"""-  '-^  ' '  1  i«  provided  in  the  smalh-r  tyju's  (see  Fig.  504),  and  in 
-]/>  -  f1i(  V  are  double  (see  Fig.  505).    If  the  larger  types 
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were  single  goared,  tlie  pressure  in  the  pinion  bearings.  <luo  to 
the  pressure  between  the  teeth  of  the  gear  ami  the  pinion,  wouhl 
be  too  great  at  these  speeds;  therefore,  the  gears  are  made  double 
68 
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SO  that  half  the  h">a(l  is  takon  by  each  wheel,  the  gear  pressure  on 
one  side  of  the  pinion  balancing  the  pressure  on  the  other  side, 
thus  eliminating  the  pressure  in  the  pinion  bearings. 

The  characteristic  high  velocities  of  the  principal  parts  of 
the  De  Laval  Turbine  also  create  some  interesting  practical  prob- 
lems. 
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6.  We  will  first  consider  the  turbine  wheel  itself,  which  is  shown 
in  section  in  Fig.  oOf).  The  wheel  is  clesigne<l  with  a  factor  of  safety 
at  normal  speed  of  about  S,  and  with  radial  and  tangential  stresses 
due  to  the  ccntnfugal  force  constant  throughout  the  wheel.  The 
profile  of  the  wheel  is  a  logarithmic  curve  asymptotic  to  the  radial 
axis  of  symmetry  of  the  wheel  section.  The  buckets,  which  are 
inserted  into  milled  slots  in  the  rim  of  the  wheel,  when  actuated 


Fig.  500.— Se(tion  I>k  Lavaf,  TruBiNE  Wiikkl 


by  centrifugal  force,  load  the  solid  wheel  body  at  its  outer  periph- 
ery to  an  amount  ecpial  to  the  centrifugal  stresses  in  the  lH>dy. 
The  stresses  vary  with  the  s(]uare  of  the  speed,  and  with  in- 
creasing speed  they  wiW  gradually  increase  to  a  point  when*  the 
wheel  will  burst. 

7.  In  spite  of  speed  regulating  mechanism  and  safety  8tn|w,  a 
motor  of  any  kind  might  race,  as  all  regulating  devices  are  liable 
to  derangement,  and  safety  stops,  which  as  a  rule  are  seldom 
used,  sometimes  fail  to  operate.     This,  of  course,  applies  also  to 
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steam  turbines.  It  is  therefore  necessary  to  provide  means  for 
the  prevention  of  serious  damage.  In  the  De  Laval  Turbine  this 
protection  is  obtained  by  reducing  the  thickness  of  the  wheel 
close  to  the  periphery,  which  naturally  decreases  the  strength  of 
the  wheel  at  this  point,  the  stresses  here  being  about  50  per  cent, 
higher  than  in  the  rest  of  the  wheel.  At  normal  speed  the  factor 
<»f  saft'ty  at  this  point  of  the  wheel  is  about  5;  consequently  the 
wheel  will  burst  here  at  about  double  its  normal  speed,  and  in  such 
a  manner  that  the  rim  holding  the  buckets  is  broken  up  into 
pieces,  which,  on  account  of  tlieir  small  size,  are  unable  to  do 
any  damage  to  the  wheel  case.  At  the  moment  the  rim  leaves 
tiie  wheel,  the  stresses  in  the  solid  wheel  body  are  considerably 
reduced,  at  the  same  time  the  wheel  becomes  unbalanced,  and  as 
the  clearance  between  the  heavy  hub  of  the  wheel  and  the  safety 
bearings  in  the  surrounding  wheel  casing  is  very  small,  the 
hub  of  the  wheel  ^\dll  come  in  contact  with  the  latter,  which  effi- 
ciently act  as  a  brake  on  the  Avheel,  and  bring  it  to  a  stop  in  a 
short  time,  as  with  the  buckets  gone,  the  steam  has  no  effect  what- 
ever on  the  wheel.  Exhaustive  experiments  have  verified  these 
statements,  it  having  been  found  that  turbine  wheels  without 
this  decrease  in  section  at  the  outer  periphery,  having  purposely 
been  speeded  up,  would  burst  through  the  center  in  two  or  three 
heavy  pieces,  which,  at  the  high  velocity,  a  wheel  case  of  ordinary 
proportions  would  not  resist.  Such  pieces  have  been  driven 
til  rough  an  experimental  wheel  case  of"  steel  castings,  having 
walls  2  inches  thick.  With  the  wheels  as  made,  however,  they 
arc  perfectly  safe,  and  in  the  event  of  the  rim  being  striped,  no 
damage  will  result  except  to  the  wheel  itself. 

8.  As  it  is  possible  to  design  a  turbine  wheel  for  any  radial  and 
tangential  stresses,  it  miglit  be  asked  why  the  wheels  are  not  made 
so  strong  that  it  will  be  impossible,  with  the  available  steam 
velocities,  to  run  them  up  to  the  bursting  point.  The  reply  to  this 
i.s,  that  it  would  be  too  expensive  and  not  practicable  to  design 
the  rest  of  the  turbine  and  fonnected  machinery  to  run  safely 
at  a  corresponding  speed. 

I».  In  tliin  eoimfctioii  we  will  (•oii>i<l<  r  llic  spcccj  regulation 
mechanism  of  the  De  Laval  turbines.  This  consists  of  a  common 
Ofntrifugal  governor,  actuating  a  throttle  valve  in  the  steam 
supply  line  of  the  turbine.  With  this  the  pressure  can  be  closely 
controlled,  but  not  entirely  shut  off.  In  most  cases,  though,  suffi- 
cient to  prevent  tiic  turbine  going  above  its  normal  speed  when 
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running  light.  This  is  especially  true  of  turbines  running  non- 
condensing.  In  condensing  turbines  operating  with  ver^-  high 
vacuum,  the  passive  resistances  are  sometimes  extremely  small, 
and  even  if  the  governor  valve  throttles  the  steam  considerably 
below  the  atmospheric  pressure,  the  remaining  pressure  may  be 
sufficient,  at  no  load,  to  increase  the  s|>e(Ml  above  the  nonual. 
To  prevent  this  speed  increase,  a  second  regulating  mechanism 
is  provided,  the  purpose  of  which  is  to  decrease  the  vacuum  in 
the  wheel  case.  This  apparatus  consists  of  a  small  valve  wliich  is 
directly  actuated  by  the  governor,  but  only  after  the  governor 
valve  in  the  steam  line  has  been  shut  off.  This  valve  either  lets 
air  into  the  wheel  case,  decreasing  the  vacuum,  or  in  sucli  cases 
where  the  vacuum  in  the  condenser  must  be  maintained  for  other 
machines,  it  admits  air  into  a  regulating  valve  mechanism  placed 
in  the  exhaust  line  of  the  turbine.  When  air  is  let  into  tliis  valve, 
it  more  or  less  shuts  off  the  communication  between  the  wheel 
case  and  the  condenser,  thereby  raising  the  pressure  in  the  wheel 
case,  which  then  increases  the  passive  resistances  of  the  wheel, 
and  checks  the  expansion  of  tlie  steam  in  the  nozzles,  and,  together 
with  the  steam  throttle  valve,  holds  the  speed  within  the  nonnal 
limits.  In  case  of  accident  to  the  governor  valve  mechanism  this 
air  valve  will  also  effectually  prevent  destructive  racing. 

10.  The  periplieral  velocity  of  the  gear  wlirels  is  about  100  feet 
per  secon<l.  The  pinion  is  made  of  high-grade  high-carbon 
crucible  or  nickel  steel.  The  gear  wheels  are  made  of  soft  steel 
of  low  carbon.  The  teeth  are  carefully  generated  at  an  angle 
witli  the  shaft  center  and  the  pitch  is  very  small,  insuring  a 
smooth  contact  with  a  minimum  amount  of  noise.  The  noise  can- 
not be  entirely  eliminated,  but  with  great  care  in  cutting  tlie  ti^eth, 
and  giving  close  attention  to  alignment  and  center  distances,  it 
has  been  possible  to  reduce  it  to  a  miniuium  and  to  a  |X)int  where 
it  is  in  most  cases  of  no  consequence.  The  gears  are  continually 
lubricated,  but  with  a  very  small  amount  of  oil.  If  they  get  the 
proper  amount  of  lubrication  and  care  is  taken  that  no  sharp  grit, 
such  as  cement  dust,  coal  dust,  or  the  like,  is  allowed  to  enter 
them,  they  will  operate  for  many  years  without  visible  wear.  The 
gears  are  encased  as  much  as  possible,  to  prevent  the  entrance  of 
dust  or  foreign  matter.  The  gear  wheels  were  originally  made 
of  bronze,  but  it  soon  develoj)ed  that  this  material,  as  a  rule.  l>e- 
came  crystallized  after  al)Out  two  years  of  continuous  oj>oration, 
when  pieces  of  the  teeth  were  broken  off  and  destroyed  tlie  gears. 
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St^el  gears  have  now  been  in  operation  for  about  nine  years,  with- 
out showing  any  of  the  disadvantages  of  bronze. 

11.  Little  is  to  be  sjjid  about  the  bearings.  They  are  all  lined 
with  white  metal.  The  low-speed  bearings  for  the  gear  shafts 
are  similar  to  bearings  for  electrical  machinery  of  same  speed, 
and  are  provided  with  ring  oilers.  King  oiling,  on  the  other 
hand,  has  not  proven  to  be  satisfactory  for  the  high  speed  bear- 
ings. The  turbine  wheel  shaft  usually  vibrates  slightly,  which 
is  communicated  to  the  oil  rings,  they  then  refuse  to  follow  the 
shaft,  and  consequently  do  not  furnish  proper  lubrication.  It  is 
also  found  that  the  temperature  of  the  oil  in  this  case  w^ill  increase 
too  much,  and  drip  lubrication  has  been  found  more  satisfactory, 
only  a  small  quantity  of  oil  being  required.  With  the  high  speed 
it  is  very  imix>rtant  that  the  lubrication  should  not  be  interrupted, 
as  it  takes  but  a  short  time  for  the  bearing  to  run  hot.  Wick 
lubrication  has  so  far  proven  the  most  reliable.  It  must,  however, 
be  arranged  so  that  the  oil  leaves  the  wick  tube  in  drops,  and  with 
a  sight  glass  below  the  tube  through  which  the  amount  of  feed 
can  be  ascertained.  The  oil  is  filtered  by  the  wick,  which  insures 
clean  oil  in  the  bearing,  and  the  oil  will  flow  as  long  as  any  oil 
remains  in  the  tank.  With  oil  tanks  of  ample  size  there  will  not 
be  much  attendance  required.  It  seems,  though,  in  the  present 
advanced  stage,  that  opposition  is  sometimes  met  with  in  having 
this  method  of  lubrication  used.  Ilie  common  siglit-feed  lubri- 
cator with  such  a  small  number  6f  drops  as  are  required,  has  thfi 
disadvantage  of  a  very  small  opening  for  the  oil,  so  that  a  small 
amount  of  dirt  will  suddenly  interrupt  the  lubrication.  The  bear- 
ing will  then  immediately  heat.  Any  mechanical  arrangement  for 
forced  lubrication  is  in  itself  more  or  less  apt  to  get  out  of  order. 
It  i.s  all  right  for  slow-speed  machinery,  which,  in  case  of  inter- 
ruption of  the  oiling,  can  run  a  considerable  time  on  the  oil 
already  supplied,  and  until  the  trouble  can  be  discovered  and 
remedied ;  but  it  is  more  or  less  uncertain  for  high-speed  ap- 
paratus. 

12.  It  might  be  interesting  to  touch  on  the  practical  difficul- 
ties which  the  I)c  Laval  Steam  Turbine,  like  any  f)th('r  radically 
new  marliine,  was  compelled  to  meet,  after  it  had  been  put  on 
the  market.  The  tur})ine  naturally  had  its  trou])l('S  from  defects 
diH*  ^f'  faulty  material  and  workmanship,  but  these  have  been 
n-;  ;.  Tliere  have  been  troubles  with  bearings  becoming 
overheated.     This  was  partly  due  to  faulty  workmanship,  but  in 
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many  cases  it  can  be  ascribed  to  the  lubrication,  either  to  failure 
in  keeping  the  oil  reservoir  filled,  or  else  to  the  sight-feed  lubrica- 
tors, which  in  themselves  might  have  caused  trouble.     As  more 
machines  have  been  put  on  the  market,  they  have  become  more 
fully  understood,  and  are  therefore  receiving  better  attention; 
consequently  these  troubles  have  been  gradually  reduced.     Fur- 
thermore, there  has  been  trouble  with  the  buckets.     It  has  some- 
times happened  that  one  or  more  buckets  have  broken,  and  come 
out  of  the  turbine  wheel,  but  without  doing  any  further  damage. 
Generally  the  turbine,  after  losing  a  bucket,  can  be  continued  in 
operation,  as  the  turbine  shaft  is  surticiently  flexible  to  take  care 
of  thejiubalancing,  though  it  is  best  to  take  out  the  turbine  wheel 
and  replace  the  buckets.     The  only  explanation  of  these  troubles 
is  tliat  the  buckets  are  subjected  to  vibratory  strains  of  more  or 
less   unknown   origin,   as   their   ability   to   withstan<l    centrifugal 
force  and  the  action  of  the  steam  jet  is  amply  sulHcicnt.     In  the 
smaller  sizes,  below  100  horse-ix>wer,  broken  bucket^s  have  been 
very  rare.     In  the  larger  sizes,  it  has  been  somewhat  more  fre- 
quent.    Although  the  causes  of  bucket  breakage  are  not  yet  ac- 
curately determined,  it  has  been  j)ossil)le  to  remedy  the  trouble 
where  it  has  occurred.     One  cause  of  the  undue  vibrations  of  the 
buckets  may  have  its  source  in  the  turbine  wheel  itst*lf,  whieh, 
if  not  homogeneous,  will,  under  action  of  the  centrifugal  force, 
expand    unevenly    in    different    directions,    thereby    unbalancing 
and  causing  vibration  of  the  wheel  at  full  speed.     This  trouble 
lias  l)een  overcome  by  replacing  tlie  wheel.     Tlic  buck«*ts  are  aUo 
subject  to  more  or  less  wear  due  to  the  action  of  tiie  steam.     Tiie 
cause  of  this  is  also  very  difficult  to  <letermine.     It  nuiy  lx»  tluit 
the  bucket^  are  chemically  nffectecl  and  that  thin  tilms  of  oxide 
are  blown  away  by  the  steam,  or  it  may  be  causi-d  by  mechanical 
wear  due  to  snuill  solid  particles  coming  with  the  steam,  such  as 
rust,  or  scale  from  the  pipes.    It  may  also  be  due  to  some  electrical 
])henomena.     However  this  may  be.  it  is  a  fact  that  wear  takes 
place  and  it  i^  very  doubtful  ihat  it  can  be  entirely  prevented. 
It  has  b(  en  found  in  a  few  cases  that  buckets  have  Ix^en  worn 
out  in  a  year,  necessitating  replacement.     In  other  cases  the  wear 
has  been  very  slight,  even  after  a  run  of  four  to  Hve  years.     Tlio 
wear  affect>  only  the  steam   inlet   sitle  of  the  bucketj*,  and   will 
only  increase  the  steam  consumj>tion  to  a  slight  <legnK».     In  tcsU 
made  on  a  turbine  of  100  horse-power,  where  the  edge  of  the 
buckets  had  been  worn  awav  al>out  one-si.vteenth  inch,  the  steuni 
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con>iiinption  was  about  5  per  cent,  higher  than  with  new  buckets. 
TIm?  wheel  and  buckets  are,  however,  so  designed  that  an  insertion 
of  a  new  set  of  buckets  can  be  easily  made  at  a  small  cost. 

Hi.  In  looking  about  for  pro))er  fields  of  usefulness,  the  De 
Laval  Steam  Turbine,  in  ccunnion  with  other  steam  turbines,  first 
developed  the  direct  connected  electrical  unit,  no  difficulty  being 
met  in  ada]iting  both  direct  and  alternating  current  generators  for 
direct  connection  to  the  gear  shafts  at  their  moderate  speeds. 
In  many  cases  De  Laval  Turbines  can  also  be  used,  with  advan- 
tage, for  belt  transmission. 

14.  However,  the  field  where  the  De  Laval  Turbine  is  particu- 


FiG.  507.— 55  H.  P.  TuHBiNK  Pump. 


larly  suitalde  is  in  connection  with  centrifugal  pumps;  these 
pumps  retjiiire  certain  determined  velocities  to  enable  them,  at 
a  given  lift  and  water  quantity,  to  give  the  best  efficiency.  With 
the  De  Laval  I'urbine  it  is  easy  to  produce  the  most  suitable 
velocities;  with  the  small  turbines,  having  one  gear  shaft,  for 
all  lifUi  from  15  feet  to  150  feet,  and  with  the  large  turbines,  willi 
two  gear  shafts,  for  lifts  from  40  feet  to  ')0()  feet.  These  veloc- 
ities are  ofen  difficult  to  obtain  with  otlicr  -tcjim  motors.  Fig. 
507  shows  a  55  lir>rs(-])ower  .single  stage  turbine  ])uni|). 

15.  For  a  greater  lift  the  centrifugal  jHini|)  has  been  directly 
connected  to  the  high-speed  turbine  shaft.  'J'he  pump  wheel  will 
then  revolve  with  a  velocity  of  10,000  to  :K),000  revolutions  per 
minute^  depending  on  the  different  sizes.     The  pump  wheel  will 
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naturally  bo  vorv  >iiiall,  nnd  will  not  produce  any  suction,  but 
must  bo  fod  with  another  pump,  Avhicli  is  connected  to  the  gear  ^ 
shaft,  running  at  a  considerably  reduced  velocity;  This  latter 
pump  sucks  the  water  and  presses  it  into  the  high-speed  pumj) 
whool,  which  then  gives  the  high  ])r(>ssure  required.  Puni])s 
of  this  ty}>e  have  been  made  for  lifts  u])  to  a  normal  lu^ad  of  850 
feet  on  a  single  wheel,  which,  at  a  decreased  water  quantity,  can 
go  up  to  1,000  feet,  the  small  punip  Avheel  gi^ring  an  efficiency 
of  about  G4  per  cent.  They  have  in  some  cases  been  made,  and 
are  in  o]>('ration,  as  boiler  feed  pumps.  A  pump  of  this  type  is 
shown  in  Fig.  508. 

1(».  Another  iiold  whore  the  Do  Laval  Turbine  is  well  adapted 
is  for  direct  connection  to  blowers  for  all  pressures  above  4  inches 
water,  for  Avliich  a  blower  can  be  practically  built.  The  high 
velocity  of  the  turbine  being  particularly  suitable  for  this  purpose. 

17.  Al)0ut  the  steam  consumption;  it  is  difficult  to  nuike  any 
general  statements.  It  varies  for  the  same  size  turbine  with  the 
steam  conditions,  in  about  the  same  manner  as  for  other  steam 
motors,  but  the  degree  of  variation  can  be  considerably  different 
for  the  A'arious  sizes  of  turbines,  dependent  upon  the  diameter  and 
speed  of  the  turbine  wheel.  It  may  be  sufficient  to  give  here 
a  few  diagrams  sliowing  the  steam  consunqition  of  different  sized 
turbines  under  more  or  less  favorable  conditions. 

1^.    Fiir.   5()!>  shows  the  result  of  a  test  of  a   10  kilowatt    iiou- 
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condensing  turbine  dynamo.  The  boiler  steam  pressure  is  140 
pounds  per  square  inch;  steam  dry  saturated.  The  curve  I,  II, 
111,  IV  gives  the  steam  consumi)ti(ni  jht  kilowatt  liour  with  all 
steam  nuzzles  open  during  the  varying  conditions  of  tlic  load,  the 
governor  valve  alone  having  to  take  care  of  this  variation  by 
throttling  the  steam  ])ressnr('.  Tlic  curve  IV  shows  tly*  steam 
consum})tion  with  the  nozzles  shut  otf  in  pro])orti<ni  to  the  vary- 
ing load.  In  this  manner  the  nozzles  will  be  su])plie(l  with  steam 
of  the  full  steam  pressure  at  all  times. 

11).  Fig.  510  shows  a  test  made  <3n  a  J30  horse-i)0\vcr  steam  turbine 


301 

l.P.  s 

TEAM 

TUK 

BINE 

MOTt 

)U 

70 

\ 

60 

no 

^1i 

J 

\ 

IS   ^ 

u 

(X      v 

^ 

s. 

■A 

<>> 

h^ 

rs;;;^ 

3 

^vH); 

i 

V^-i"" 

«»« 

nlaiOl 

n 

10 

0 

•^•ttl«<ejp,n  -« 

CO 

L'latl 

brake 

II.P. 

Fio.  510. 


JO 


i'A 


motor,  condi  using,  with  25^  inches  vacuum,  sU»am  pressure  being 
l^.j.J  pounds  jM-r  s<|nare  ineh  alx.ve  tlie  g<»veriior  vm1v«*.  Steam; 
dry  saturated.  The  four  different  curves  show  how  the  steam  con- 
sumption per  brake  horse-power  varies  with  the  varying  load,  with 
and  without  regulating  the  nund)er  of  nozzles  opened. 

JO.  Fig.  :>1  1  shnws  a  test  made  on  a  'M)  horse-|M>wer  >teani  tnr- 
l)ine  mot«»r,  non-eoiHhiising,  with  different  steam  pre-snren  alnive 
the  governor  valve,  with  the  nozzles  snitabh'  for  th«'  ditTereiit  steam 
pressure.  The  curves  represent  respectively  35,  50,  75  and  100 
pounds  boiler  steam  pressure  i)er  9<]uare  incli.  The  numln^r  of 
nozzles  opened  have  been  varied  according  U)  tho  varying  load. 

lM.    Fii^.   .Ml'  shows  the  re.sult  of  a  test  made  on  a  :J00  horst'- 
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power  steam  tnrl)iiK',  steam  pressure  about  200  pounds  per  s(piare 
inch,  vacuum  about  27  inches.  The  curve  I,  II  gives  tlie  steam 
consunij)tion  for  drv  saturated  steam.  The  curve  III,  IV  gives  the 
consumption  for  superheated  steam.  The  superheat  varied  from 
90  degrees  P'ahr.  at  maximum  load  to  about  20  degrees  Fahr.  at 
the  smaller  loads. 
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'2'2.  Figs.  513  and  r)14  are  curves  from  very  exluiustive  tests 
made  recently  by  Professor  Kent  and  Denton,  on  tnrbine  pumps. 
These  curves  iu  themselves  ueed  no  further  ex])lanation.  The 
curve  in  Fiir.  5K5  is  obtained  from  a  ])um]^  shown  in  Fig.  .508. 
The  curve  in  Fig.  514  from  a  i)unip  of  the  ty])e  shown  in  Fig.  507. 

23.  In  the  foregoing,  some  frank  statements  have  been  made 
to  illustrate  the  difficult  theoretical  as  well  as  practical  problems 
encountered,  the  solution  of  which  have  produced  the  present 
successful  De  Laval  Steam  Turbine. 
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Fig.  114.— Tests  by  J.  E.  Denton  and  Wm.  Kent. 


DISCUSSION.' 


Mr.  Charlrs  li.  llearlck. — I  do  not  really  represent  tne  paper, 
but  I  want  to  make  a  remark  or  two  that  bears  on  the  De  Laval 
machine,  and  I  wish  also  to  say  sonietliing  about  the  question  of 
condenftc*r8.  On  the  rpiestion  of  condensers,  I  think  the  y)oint  of 
26  incheg  vacuum  being  sufficient  is  wry  well  taken,  but  it  would 
ftoem  that  the  amount  of  vacuiim  is  for  tbc  engineer  to  determiiH'. 
If  \\('  has  a  condition  where  fiie]  i>  verv  low  in  co.st  it  follows  that 
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he  can  afford  to  ])nt  in  a  plant  at  low  cost  and  sacriticf  economv. 
(3n  the  other  hand,  if  his  fucd  is  comparatively  hiiudi  he  can  easily 
afford  to  spend  a  little  more  money  for  his  condenser.  What  is 
good  in  one  case  mi<iht  not  be  good  in  another,  and  each  ease 
should  be  dealt  with  in  reference  to  the  conditions  under  which 
the  machine  will  operate,  as  to  cost  of  fuel,  cost  of  getting  water 
for  the  condenser,  and  other  })oints  that  enter  into  the  prop(»sition. 
There  is  one  point  wliere  the  I)e  Laval  has  made  some  j)rogress, 
in  which  other  turbines  in  the  field,  in  the  I'nited  States,  have  not 
done  anything,  and  I  expected  some  of  the  De  Laval  people  would 
be  here  to  say  something  in  that  connection.  I  regret  that  I  have 
not  any  actual  figures  as  to  the  nuud)er  of  l)e  Laval  machines 
driving  ])um])s  in  actual  service  to-day,  but  there  are  a  large  nuui- 
ber  varying  in  size  from  i^O  horse-power  uj)  to  '2'2't  horse-|M>wer,  and 
I  Ixdieve  they  are  building  several  at  the  present  time  of  iJOO  horse- 
])ower.  They  are  particularly  satisfactory  for  centrifugal  pump 
work,  which  should  interest  engineers  in  general,  since  those 
j)umps  generally  speaking  are  low  in  efficiency.  The  speeds  of 
l)e  Laval  turbine  driving  shafts  enable  higher  etheiencies  for 
certain  lifts  than  can  be  gotten  at  the  lower  speeds  obtained  from 
engines.  Some  of  these  efficiencies  are  sliowing  up  as  high  as  7.'> 
and  77,  and  some  of  the  larger  units  that  they  are  building  are  ex- 
])ected  to  give  as  high  as  80  per  cent.  I  have  seen  actual  U^is  of 
75  and  76  per  cent,  made  by  prominent  engineers,  Professor 
Denton  and  Professor  Kent  c<niducting  them. 
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THE  BURNING  OF  TOWN  REFUSE, 

WITH  SPECIAL  REFERENCE  TO   THE  DESTRUCTORS   AT  BRUSSELS, 
WEST   HARTLEPOOL,    MOSS  SIDE,    AND   WESTMINSTER. 

BY   GEORGE  WATSON,   LEEDS,   ENGLAND. 

Member,  lustitution  of  Mechanical  Engineers. 

1.  Refuse  in  Great  Britain. — Town  refuse  in  Great  Britain 
varies  considerably  in  character  according  to  local  conditions,  but 
it  is  a  fairly  safe  generalization  to  say  that  it  consists  of  one-third 
by  weight  of  water,  one-third  combustible  matter,  and  one-third 
inconibiLstible.  The  last  is  withdrawn  at  the  end  of  the  burning- 
process  in  the  form  of  hard  clinker. 

The  combustible  material  is  largely  vegetable  and  putrescible 
niatt^T,  but  it  includes,  in  the  United  Kingdom,  varying  quantities 
of  unburned  cinder  from  the  wasteful  open  fires  so  dear  to  the 
English  people  in  more  senses  than  one.  This  cinder  is  much  more 
plentiful  in  winter  than  in  summer. 

2.  Continental  Refuse. — Cinder  is  almost  entirely  absent  from 
t/jwn  refuse  on  the  Continent  of  Euroi)e,  where  closed  stoves  are 
used,  producing  a  fine  incombustible  ash.  The  author  has  fre- 
quently [)roposed  that  the  fine  ash,  which  requires  no  treatment, 
shoiiUl  b(!  collected  in  separate  bins  in  eacli  house,  and  not  taken 
to  the  destructor  at  all. 

3.  Collection. — The  nature  (;f  the  mate  rial  is  affected  largely  by 
method  of  collection,  which  varies  greatly  in  different  towns.  For 
instance,  in  Edinburgh  then^  is  a  daily  colle<»tion,  the  inhabitants 
being  obliged  to  place  thrir  refuse;  on  the  street  in  receptacles 
which  they  provide  themselves.  These  receptacles  are  usually  any- 
thing but  effective,  and  the  contents  are  spread  about  by  the  wind 
and  the  rag-pickers,  and  mixed  with  the  strer-t  sand;  srinietimes  the 
Hanie  cart  (M.llfcts  both  street  sweepings  and  refuse.     The  result  is 

*  S'Tf^^t-uy-'i  ni  xhv  (')iira^(»  nMMtiri^'-  M«y  niid  .Tnn<!  1004,  of  llif  ArDfrirjin 
Society  fif  .>ffclianical  V.x\\r\uvA-TH,  ari'l  forming'  part  (;f  Volume  XXV.  of  the 
Tran$aetionM. 


THE   BURXIXG    OF    TOWN    REFUSE.  1075 

a  very  light  sandy  material,  ditficiilt  to  burn,  which  nioasurt's  no 
less  than  80  cubic  feet  to  the  ton. 

In  Bradford,  Leeds  and  Sheffield,  on  the  other  hand,  many  large 
ash-pits  are  used,  in  some  cases  combined  with  privies,  and  they 
are  only  cleaned  out  at  intervals  of  weeks  or  months.  At  one 
destructor  in  Bradford  the  refuse  contains  40  per  cent,  of  night- 
soil.  Under  such  conditions  the  refuse  is  wet  and  heavy,  meas- 
uring only  40  cubic  feot  to  the  ton. 

In  the  author's  opinion  the  prevailing  custom  of  reckoning  the 
amount  of  refuse  burned  by  weight  is  misleading,  and  better  com- 
parisons as  to  the  labor  involved  \vould  be  got  by  reckoning  in 
cubic  yards.  It  is  obvious  that  a  ton  of  l)ulky  refuse  requires 
much  more  labor  in  handling  than  a  ton  of  such  wet  and  heavy 
stuff  as  is  collected  at  Bradford. 

4.  Refuse  as  Fuel. — Town  muck  is  so  heterogeneous  that  it  is 
almost  im])ossible  to  compare  it  with  other  fuels  by  any  of  the 
ordinary  methods,  and,  in  particular,  calorimeter  tests  have  always 
seemed  to  the  author  to  be  quit<?  futile.  It  would  appear  impnu'- 
ticable  to  obtain  a  fair  sample  small  enough  to  go  into  a  calorimeter 
of  a  material  comprising  garbage,  vegetable  refuse,  dust,  straw, 
paper,  rags,  bones,  broken  glass,  tin  cans,  wood,  cinders,  sacks,  old 
boots,  buckets,  water-cans,  casks,  carpets  and  huge  rolls  of  kamp- 
tulicon,  to  say  nothing  of  the  carcases  of  catth',  dogs,  cats  and  J>igs, 
the  last  being  sometimes  brought  in  numbers  after  an  outbn'ak 
of  swine  fever.  Amongst  the  articles  gravely  registered  as  having 
been  destroyed  at  one  of  the  early  I.<H'ds  destnictors  was  "  one  sea- 
serpent."  In  two  instances  parcels  of  explosives  have  foun<l  their 
way  into  furnaces,  and  blown  out  the  fronts,  fortunately  witliout 
causing  Ixxlily  injury  in  either  case.  To  stat^  the  nature  <»f  the 
miswllaneous  rubbish  conij)rised  in  the  refuse  of.  towns  is  to 
demonstrate  at  once  its  unsuitability  for  airrienltural  manure.  an<l 
the  danger  of  allowing  it  to  accumulate. 

5.  lie  fuse  as  Manure. — No  fanner  cares  to  cover  his  fields  with 
broken  glass  and  tin  cans,  and  in  the  few  instances,  8uch  n.s  at 
^fanchester  and  (Ilasgow,  where  some  of  the  rubbish  is  taken  by 
farmers,  it  has  to  \>v  first  sortcnl  an<l  ground,  and  then  trans|w»rtod 

long  distances  free  of  charge  by  the  ('orporati«»n  at  a  co^it  '- 1 

ing  that  of  <lestruetion  by  fire. 

<;.    Danqvv  io  Ucalih. —  .\eeumulations  of  this  mattTial  inv«»lvo 
the  twofold  danger  of  lowered  vitality  owing  to  an  impun-  atnio«- 
phere,  and  direct  propagation  of  disease  through  i>uison«»us  geniw 
69 
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carried  by  flies,  ratv^,  dust  particles,  running  water  and  other 
agencies.  Kefuse  heaps  also  frequently  occasion  great  nuisance 
and  expense  by  spontaneous  combustion.  ''  Destruction  ''  of  refuse 
is  a  somewhat  scientific  term,  but  it  serves  to  distinguish  the 
method  of  disposal  by  lire  from  the  reduction  or  digestion  processes 
used  in  the  United  States  for  recovery  of  grease  and  other  matters, 
and  from  the  slower  process  of  nature,  involved  in  disposal  by 
dumping,  which  have  been  sometimes  referred  to  as  the  '^  method 
of  putrefaction.'' 

The  author  does  not  propose  to  go  through  the  history  of 
destructors  in  Great  Britain,  where  they  originated.  The  late  Mr. 
Alfred  Fryer,  of  Nottingham,  w^as  the  pioneer,  and  built  his  first 
successful  destructor  in  1875.  It  may  be  thought  that  nearly 
thirty  years  is  a  long  time  for  the  development  which  has  taken 
place  to  have  occupied.  It  must  be  remembered,  however,  that 
being  dependent  upon  municipal  enterprise,  rapid  advance  has 
only  been  possible  in  recent  years. 

The  author  regrets  to  say  that,  in  spite  of  the  demonstrations 
made  many  years  ago  of  the  danger  of  filling  old  pits  and  hollows 
with  this  material,  the  practice  of  doing  so,  and  of  afterwards 
erecting  dwelling  houses  upon  it,  has  prevailed  in  most  towns  and 
cities  in  spite  of  all  sanitary  considerations,  and  has  only  given 
way  to  the  use  of  destructors  when  every  pit  and  hollow  within  the 
municipal  boundary  has  been  filled. 

In  passing  over  tlio  history  of  the  development  of  destructors, 
the  author  is  also  obliged  to  omit  reference  to  many  types  which 
have  proved  successful,  and  have  served  to  advance  the  general 
practice,  and  to  many  names  honorably  associated  with  such 
advance;  and  in  dealing  later  with  the  details  of  certain  installa- 
tions has  tliouglit  it  best  to  confine  himself  strictly  to  his  own 
experience.  He  will  then^fore  deal  only  with  plants  on  one  par- 
ticular system;  at  the  same  tinic  remarking  that  there  are  many 
othc-r  destructors  of  different  types  in  use  wliidi  reflect  the  greatest 
credit  on  all  concerned. 

7.  Nfifuml  Draught. — The  earlier  destnictors  w^ere  all  upon  the 
natural-draught  system,  with  slow  combustion,  low  temperatures, 
and  little  or  no  provision  for  raising  steam.  In  charging  and 
clinkering  the  furnaces  large  dfX)rs  were  kept  open  for  about  one- 
third  of  the  time,  and  the  strong  chimney  draught  above  the  grates 
nccejwarily  drew  in  tons  of  cold  ;iir  over  flic  fire  tlirougli 
8uch  openings,  making  high  furnace-heats  impossible.    Frequent 
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complaints  of  nuisances  from  the  chimney  shafts  caused  bv  stinks 
and  dust  resulted. 

8.  Fume  Cremators. — Fume  cremators,  introduced  by  ^Ir. 
Jones,  the  borough  engineer  of  Ealing,  were  added  in  many  cases, 
consisting  of  secondary  fires  in  the  flues  fed  with  coal  or  coke,  over 
which  the  product.s  of  combustion  had  to  pass,  thus  scorching 
them  and  largely  obviating  the  nuisance.  These  fume  cremators 
certainly  rendered  a  continuance  of  working  possible  in  nuiny 
cases,  but  owing  to  the  high  cost  for  fuel  they  were  not  always 
regularly  worked. 

0.  Maintenance. — One  advantage  of  natural  draught  and  low 
temperatures  was  that  the  brickwork  was  eiisily  maintained,  and 
furnaces  of  the  most  ordinary  construction  have  been  found  to 
last  fifteen  or  sixteen  years  without  much  expense  in  renewing  the 
fire-brick  linings.  Even  to-day  engineers  are  found  who  advocate 
low  temperatures  on  this  account. 

10.  Jligli  Temperatures. — Mo<lem  plants  working  at  high  tem- 
peratures with  forced  draught,  and  with  steam-raising  as  one 
of  the  most  important  objects,  involve  much  more  difficult  prob- 
lems as  regards  construction  and  maint^'uance,  and  also  as  regards 
the  protection  of  the  str)kers  from  heat  and  back-draught.  No 
ironwork  can  last  long  in  a  mo<lern  (h'structor  unless  ctM)led  in 
some  special  manner,  and  contrivances  such  as  <lamjK^r8  within 
the  furnace  for  closing  or  partly  closing  the  draught  outlet  when 
the  furnace  d<Kir  is  fjpened,  have  become  not  only  superfluous  but 
impracticable.  Tln'  MUtlii^r  lias  learned  to  hM»k  with  the  greatest 
distrust  u})on  any  supposed  improvement  involving  the  introthic- 
tion  of  un])rotect('d  ironw(>rk  into  the  liot  f\irnac(»s  or  flues. 

11.  Storage  of  J  feat. — In  high-tem|H'rature  furnaces  heat  is 
stored  in  the  brickwork  to  such  an  extent  that  the  furnace  andi 
hardly  ceases  to  glow  even  when  nearly  a  ton  of  cold  refuse  ha.<« 
been  freshlv  charged,  and  consequently  the  temperature  does  not 
fall  below  the  jM^int,  say  1,250  degrees  Falir.,  at  which  septic 
gases  might  ho  given  off. 

12.  rirnnm  Sj/strm. — No  one  has  contributrd  more  la  the 
attainment  of  su<*h  temperatures  than  Mr.  William  Horsfall.  of 
Leeds,  who  first  introduced  the  plenum  system  an<l  the  fn>nt 
exhaust  tlue.  Kecopiizing  that  the  princi|>al  cause  of  low  teni|x»ra- 
tures  in  the  old  natural-drauglit  furnaces  was  the  inrush  of  a  large 
excess  of  cold  air  over  the  fire  during  t.h<»  lengthy  pnx»e«sen  of 
charging  and  clinkering.  he  set  himself  U)  apply  forced  drauglit 
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i»n  the  closed  ash-]>it  svsteiu,  iirst  bv  means  of  fans  and  later 
by  steam  blast,  and  this  enabled  him  to  choke  the  furnace  outlet 
in  such  a  manner  as  to  always  maintain  a  slight  pressure  above  the 
atmosphere  within  the  furnace,  thus  absolutely  preventing  the 
admission  of  cold  air  when  the  furnace  doors  were  open  and  allow- 
ing loose  fitting  dooi*s  to  be  used. 

13.  Front  Exliausf. — He  placed  his  exhaust  flue  in  the  front 
portion  of  the  furnace  arch,  thus  reversing  the  draught  and 
bringing  all  the  fumes  given  off  by  the  refuse  drying  on  the 
hearth  over  the  hot  fire  and  ''  cremating  '^  them  effectually  Avithin 
the  furnace  itself. 

14.  Steam  Baising. — An  important  result  of  the  introduction 
nf  liigli-temperature  destructors  has  been  that  town  refuse  has 
now  come  to  be  regarded  in  some  quarters  as  fuel.  When  it  is 
remembered  that  the  combustible  matter  in  the  charge  is,  say, 
only  one-third  by  w^eight  of  the  whole,  the  claims  which  have  been 
put  fonvard  of  a  commercial  evaporation  of  three  pounds  of 
water  to  liigh-pressure  steam  per  pound  of  muck  can  only  be 
regarded  as  ridiculous,  for  they  would  place  the  combustible 
portion  of  the  material  on  a  level  with  best  Welsh  coal.  It  is  to 
be  regretted  that  inventors  have  come  forward  from  time  to  time 
offerings  guarantees  of  such  results  in  regular  working.  Their 
claims  can  only  be  accounted  for  by  their  lack  of  experience. 
Failure  in  the  fulfilmejit  of  such  guarantees  under  contract  have 
led  to  a  serious  reaction,  and  there  is  now  a  tendency  to  discredit 
altf>gether  the  possibility  of  steam-raising  from  town  refuse.  As 
u.sual  the  truth  is  found  ])etween  the  two  extremes. 

Lj.  Steam  as  a  Jyy-Produd. — The  great  value  of  steam  as  a  by- 
product of  a  destructor  plant  designed  ])riiiiarily  for  the  disposal 
of  the  muck  (but  well  arranged  for  the  ])roduction  and  utilization 
of  the  steam)  has  been  amply  demonstrated.  It  may  now  be  laid 
down  with  perfect  confidence  that,  on  an  average,  town  refuse  in 
Great  Britain  may  be  expected  to  evaporate  in  every-day  working 
itfl  own  weight  of  water  from  and  at  212  degrees  Fahr.  In  many 
plar-r-H  it  is  safe  U)  guarantee  1  pound  of  steam  per  1  pound  of 
rc-fiiw-  in  fiununer  and  Ij  pounds  in  winter.  As  much  as  1.5 
p^iunds  may  be  got  on  test  with  careful  management,  as  will  be 
Meen  in  the  record  of  a  test  at  West  Ilartlepmd,  giv(;n  in  Ap- 
|K'ndix  1. 

The  value  of  the  refuse  as  fuel  varices  conHideral)ly  in  different 
districts,  and  according  to  the  sea.son  and  the  amount  of  coal  used 
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by  each  household.  In  some  colliery  districts  the  miners  are  pro- 
vided with  coal  free  of  charge,  and,  as  might  be  exjx^cted,  the 
best  steam-raising  refuse  is  to  be  met  with  there. 

On  the  other  hand,  the  author  has  had  experience  of  seaside 
towns,  such  as  Lowestoft  and  Kamsgate,  where  in  hot  weather 
hardly  any  coal  fires  are  found  (gas-stoves  being  used  fur  cooking): 
and  the  refuse  consists  largely  of  garden  rubbish,  garbage,  and 
bad  fish — ix)or  stuff  for  steam-raising. 

In  wood-burning  countries,  and  where  closed  stoves  are  used, 
not  only  does  the  absence  of  cinder  mean  a  \ot\  poor  fuel,  but  th<' 
fine  ash  (if  collected  with  the  refuse)  has  a  tendency  to  surround 
and  choke  sucli  cnnibustibles  as  may  be  ]u*p><'nt,  and  tn  put  out  tlie 
tir(<  ahogether. 

KI.  licfnsc  Aido-Comhusiihlc. — Nevertheless,  the  author  has 
had,  up  to  the  ])resent  time,  no  experience  of  town  refuse  which 
was  not  auto-combustible,  except  that  from  the  eastern  district 
(the  poorest  part)  of  Berlin.  Even  there  he  has  by  no  means 
given  up  the  problem  of  burning  the  refuse  by  itself.  Monte 
Carlo  and  Pernambuco  are  places  where  little  or  no  cin<ler  is 
found  in  the  muck,  and  yet  destructors  are  in  successful  op<*ration 
at  each  of  these  without  the  addition  of  other  fuel. 

17.  IJ i(jli  Pressures  of  Steam. — To  revert  to  the  conditions  pre- 
vailing in  Great  Britain,  it  used  to  be  said  that  high  pressures  of 
steam  could  not  be  obtained  from  the  heat  of  destructors;  but  a 
consideration  of  the  temperature  of  tlie  gases  leaving  the  destruc- 
tor, which  varies  from  1,700  degrees  Fahr.  to  2.000  degrees  Falir., 
might  have  sliown  the  fallacy.  As  a  matt4'r  of  faet,  steam  is  iM'ing 
obtaine<l  at  Accringtoii  (with  a  "  Lancashire  "  boiler)  and  Moss 
Side,  ^lanchester  (with  '*  Water-Tube  "  Inulers),  at  200  iK>unds 
per  square  inch,  while  pressures  of  120  pounds  per  square  inch  are 
now  quite  common. 

The  conditions  for  the  l)est  working  in  the  destruction  of  refuse 
are  identical  with  those  nupiired  for  efficient  steam-raising;  ami 
with  high  temj)eratures  the  clinker  is  harder,  the  working  more 
ra})id,  and  the  chinmey  clearer  of  smoke. 

IS.  Arrnufjemnit  of  Cells  and  Boilers. — The  fi^uping  of  the 
cells  and  boilers  is  an  inqmrtant  and  much  debated  subjeot.  Many 
(  arly  designers,  attaching  great  inqmrtance  to  the  radiations  from 
the  burning  mass,  held  that  the  heating  surfaces  of  the  Iwiler 
-hould  1m'  immediately  over  the  fire,  and  as  close  to  it  as  ix>ssible. 
It  is  abnost  needless  to  sav  that  the  n»sulU  wore  disuj>pointing. 
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as  the  temperature  necessary  for  complete  combustion  was  never 
reached  at  all,  owing  to  the  cooling  effect  of  the  surfaces  of  the 

boiler. 

Lat^r  developments  of  the  same  idea  are  still  in  evidence  in  the 
"  sandwiching  "  of  boilers  and  cells,  that  is,  the  placing  of  a  cell  on 
each  side  of  a  single  boiler  and  delivering  the  products  of  com- 
bustion through  side  openings  in  the  cells  directly  below  the  boiler 
tubes.  This  plan  is  much  more  satisfactory  than  the  earlier  one; 
but  the  chief  drawback  to  its  adoption  is  that  when  either  of  the 
cells  is  newly  charged,  and  the  gases  may  be  escaping  at  a  tem- 
perature below  what  is  necessary  for  complete  combustion,  they 
may  come  into  contact  with  the  cool  surfaces  of  the  boiler  un- 
consumed,  and  so  pass  away  to  the  chimney,  while  fluctuations  of 
steam  pressure  may  also  occur. 

In  the  author's  opinion,  the  best  grouping  of  cells  and  boilers  is 
to  arrange  the  cells  in  blocks  or  batteries  not  exceeding  six  or 
eight  in  number,  and  to  place  the  boiler  or  boilers  as  near  as 
possible  to  the  block  of  cells. 

In  the  case  of  the  back-to-back  cells,  arranged  in  such  a  block 
with  the  main  flue  underneath  them,  there  is  little  or  no  loss  by 
radiation,  as  the  main  flue  is  surrounded  by  cells.  At  the  same 
time  the  inunense  advantage  is  secured  that  the  products  of  com- 
bustion from  all  the  cells  are  thoroughly  mixed  in  the  red-hot  flue 
before  ])assing  to  the  boiler,  and  thus  if  one  of  the  cells  happens  to 
be  somewhat  cooler  than  the  rest,  any  unburned  gases  that  may 
escape  from  it  are  thoroughly  burned  in  the  main  flue,  where 
there  is  always  some  excess  of  air.  All  the  heat  generated  in  the 
cells  is  carried  forward  by  the  hot  gases,  except  the  small  propor- 
tion which  escapes  by  radiation  from  the  outer  surfaces  of  the 
furnaces  themselves. 

Witli  batteries  of  cells  in  a  single  row.  Fig.  515,  it  is  also  possible 
to  arrange  that  the  loss  by  radiation  shall  be  small.  A  further 
advantage  is  that  the  cells,  being  close  together,  the  stokers  have 
less  flfK^r  space  to  work  over,  and  the  arrangement  of  railways  or 
conveyors  for  removal  of  r-l inkers  is  simpler  than  with  boilers  and 
cells  altr-mately. 

19.  Working  in  Rolaiion. — Under  good  management  the  work- 
ing of  the  cells  is  kept  strictly  in  rotation,  a  time-table  and  a  clock 
being  j>rovided,  and  goml  time-keeping  in  charging  and  clinkering 
beinj?  insi*<ted  up^m. 

20.  Conxtant  Prpssure  of  Steam. — With  sucli  methods  the  tern- 
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perature   of  the  gases  entering  the   boilers  may  be   maintained 
almost  constant,   and  the   old   complaint  of  the  steam   pressure 
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fluctuating  disap}>ears  entirely.  Tin*  elinkering  and  chargring  of 
each  cell  takes  place  every  one  and  a  half  to  two  hours,  according 
to  the  nature  of  the  material.    In  some  cashes  clinkt-ring  every  hour 
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has  been  tried,  but  the  experience  of  the  author  is  that  a  longer 
run  gives  a  harder  clinker,  and  a  better  result  all  round,  any 
snuill  loss  of  steaming  power  being  more  than  compensated  by 
reduced  labor  and  more  perfect  combustion.  The  capacity  per 
vvW  depends  mainly  upon  the  grate  area,  and  the  strength  of  blast, 
but  also,  of  course,  very  greatly  upon  the  attention  of  the  firemen. 

21.  Blast. — With  refuse  for  fuel  it  is  extraordinary  how  soon 
a  liigh-pressure  blast  blows  the  fires  into  holes.  With  forced 
draught  on  the  closed  ash-pit  system,  a  few  minutes'  use  of  the 
rake  to  fill  up  the  blow^holes  will  increase  the  draught  gauge 
from  one-quarter  inch  to  over  an  inch  of  water  column.  In  some 
cases  a  draught  of  as  much  as  2  inches  is  used_,  but  there  are  two 
great  disadvantages  to  such  pressures:  first,  that  much  more  labor 
is  required  (almost  constant  trimming  of  the  fires  being  necessary 
to  fill  the  blow-holes),  and,  second,  that  the  high  blast  sends  up 
quantities  of  hot  dust  and  sparks,  which  cake  on  the  roof  of  the 
furnace  and  in  the  flues,  necessitating  constant  cleaning. 

22.  Grnfp  Area. — From  25  to  30  square  feet  of  grate  area 
has  usually  been  provided  in  each  cell  up  to  recent  years;  but,  of 
late,  cells  having  42  square  feet  of  grate  area  have  become  com- 
mon; and  also  much  smaller  cells  are  being  introduced  for  special 
purposes,  such  as  for  use  in  hospitals,  asylums  aiid  factories.  For 
plants  up  to  four  cells  furnaces  of  30  square  feet  of  grate  area  are 
most  suitable ;  but  for  larger  plants  furnaces  of  42  square  feet  are 
preferable,  as  the  use  of  larger  cells  reduces  the  cost  of  labor. 
The  length  of  the  grate  is  usually  6  feet  from  back  to  front  in 
both  sizes  of  cells.  It  is  customary  to  work  throughout  the  twenty- 
four  hours  for  six  days  a  week ;  but  in  some  cases,  where  steam  is 
only  required  for  night  work,  such  as  in  electric  lighting,  the 
hours  of  working  have  been  reduced,  and  the  number  of  cells 
and  boilers  correspondingly  increased.  It  is  (juite  possible  to 
})ank  the  fires  for  twenty-four  hours,  and  even  longer,  so  that  they 
do  not  requiro  relight iug  on  a  Monday  morning. 

For  the  purfK>se  of  illustrating  his  remarks,  the  author  has  pro- 
vided drawings  and  j>hotographs  showing  several  diflF(;rent  types 
of  plant  in  connection  with  the  construction  of  which  he  has 
recently  been  employed.  The  installations  chosen  for  this  purpose 
are  those  at  Brussels  ftwenty-four  cells.  Fig.  510),  West  Ilartle- 
|K.ol  Ctwelve  cells,  Fig.  517),  Moss  Side,  Manchester  (six  cells, 
V'l'j.  51S  and  Fig.  510),  and  Westminster  (six  cells.  Fig.  520  and 
ligs.   521   and   522).      Kach  of  these  destructors  is  placed  in  a 
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densely  populated  district,  and  all  arc  in  fidl  operation  witiiout 
caiisino-  any  inconvenience  or  coni)>laint. 

23.  Destructors  at  Brussels  and  West  Hartlepool. — The  Brussels 
and  West  nartle])o<»l  furnaces,  Fiofs.  .^K;  and  r>17,  are  of  the  hack- 
to-back  type,  fed  l)y  hand  thruu<rh  holes  in  the  deck  <»n  the  top  of 
the  furnaces.    These  feed  holes  are  of  somewhat  peculiar  (..iHtriic- 
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tion;  they  are  so  desiirncd  that  no  lid  is  required,  tlie  refn.«JO  iti»<»lf 
beino^  trodden  down  into  the  h<>les  to  st(»p  them  u|>.  It  will  readily 
be  seen  that  the  use  of  a  lid  on  a  deck  littered  with  rubbish  would 
be  very  inconvenient.  In  order  that  the  method  of  stopping  above 
referred  to  nuiy  be  used,  there  is  provi<led  immodiatoly  bolow 
the  feed-hole  (which  is  common  to  two  furnaces)  a  flat  table  or 
saddle  so  arranpre*!  that  when  refuse  is  dra^^ired  or  shovelled  into 
the  hole  and  allowed  to  lie  on  the  saddle  it  tills  up  and  choke-*  the 
openincr.     When  it  is  desired  to  charge  either  furmice  the  refu.so 
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is  simply  pushed   off  the  saddlo   with   a  prong — a  very  simple 
ojH^ration,  requiring  vorv  little  labor. 

The  deek  is  6  feet  below  the  level  of  the  tipping  floor,  thus 
fonning  a  convenient  bunker  for  the  reception  and  storage  of  the 
muck  as  near  as  possible  to  the  feed-holes.  In  the  West  Hartlepool 
plant  the  deck  is  formed  of  steel  plate  separated  from  the  top  of 
the  furnace  by  an  air  space  in  order  that  it  may  be  kept  cool; 
while  at  Brussels  the  deck  is  carried  entirely  b}^  the  furnaces  and 
is  fonned  of  reinforced  concrete.  At  West  Hartlepool  the  refuse 
is  carted  ui>  an  inclined  way  with  a  gradient  of  one  in  twenty, 


Fig.  519— Furnaces.     6-Cell  Plant.    Moss  Side. 


while  at  Bru.s.sels  there  are  two  electric  overhead  travelling  cranes, 
one  over  each  group  of  twelve  cells,  which  lift  the  cart-bodies  off 
the  wheels  and  dump  their  contents  on  to  the  decks.  The  latter 
system  has  also  been  adopted  at  Hamburg,  and  in  the  plant  now 
being  completed  at  Ziirich. 

24.  Mo88  Side  Destructor. — At  Moss  Side,  as  will  l)e  seen  on 
reference  U)  the  drawing,  I'ig.  ."i  1  s  ;iii<I  Fig.  5111,  the  six  cells 
are  arranged  side  by  side  in  a  single  battery  witli  tlie  two  water- 
iuhc  IkiIIcts  at  the  end  of  the  battery,  the  cliarging  openings  are 
at  the  back  of  the  furnaces,  and  arf  provided  witli  suitable  furnace 
doors.  These  do<->rs  are  now  generally  ])hnied  to  fit  their  frames, 
and  are  lined  with  fire-bricks.  They  arcr  raised  and  lowered  by 
levers  and  balanco  weights,  and  give  a  good  eoiiiinaiid  of  the 
furnaces,  which  slope  downwards  to  the  finut. 

The  refu.se  is  tipped  from  the  cartas  into  a  biinkcr  of  concrete, 
aii'i  having  a  sloping  back,  so  that  tlie  toe  of  the  heap  of  j-efiise  is 
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never  far  from  the  surface  mouth,  into  which  it  is  thrown  bv  a 
shovel.  This  method  would  seem  at  tirst  sight  to  involve  more 
labor  than  the  top  feeding,  but  it  is  found  in  practice  that,  while 
it  costs  more  to  put  in  the  muck  with  a  shovel,  the  labor  in  front 
of  the  furnace  in  dragging  forward  and  trinmiing  is  correspond- 
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Fio.  520.— Destuuctor  ok  G  Ci  ils. 
Grate  area  of  42  wj.  ft.  cnch.    City  of  Wf«tmln»trr. 

ingly  lessened.  It  ina.v  lo  remarkt-d,  iiuwcver,  that  even  at  West 
Hartlepool,  where  the  refuse  is  not  bulky,  the  lalM)r  of  charging 
costs  one-third  of  the  stokers'  wages,  and  it  is,  therefore,  a  matter 
of  the  utmost  importance  to  reduce  it  as  much  a.n  jKjssible. 

25.  Wfshniusfrr  Drstnirtor.— The  Westminster  Destructor, 
shown  in  Fig.  r»L>0  and  Figs.  521  and  522,  has  l)oen  eroctoil  on 
the  Shot  Tower  Wharf,  at  the  south  side  of  Waterloo  P'  in 

the  ccMtrr  nf  the  metropolis,  ami  serves  ii  district  of  which  t  oveiit 
(uinh'u   Market  and   the  Stran<l   form  imin.rtant  featun         T^ie 
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rt^fuse  is  exceedingly  bulkv,  consisting  largely  of  market  and  shop 
refuse,  j>aper,  packings,  straw,  and  all  kinds  of  light  material, 
measuring  not  less  than  90  cubic  feet  to  the  ton.  To  feed  such 
stuff  by  means  of  a  shovel  would  be  very  costly,  and  therefore 
special  means  were  demanded.  The  conditions  have  been  met  by 
a  new  design  of  furnace,  into  which  the  four-wheeled  collecting 
carts  and  steam  motor-wagons  tip  their  loads  direct,  no  storage 
being  provided  other  than  the  spare  carts  which  are  brought  in 
from  the  yard  and  discharged  as  required.  Sufficient  spare  wagons 
are  provided  to  keep  the  destructor  in  full  operation  day  and  night. 
The  furnaces  are  six  in  number,  each  having  42  square  feet  of 


Fig.  521.— Westminster  Destructor.     Exterior. 


grate  area.  They  are  arranged  back  to  back,  with  a  water-tube 
boiler  at  the  end  of  the  battery.  A  very  large  feed  hole,  6  feet  by 
4  feet,  is  conmion  to  two  furnaces,  there  being  thus  three  holes 
in  all. 

The  carts  can  be  brought  to  either  side  of  the  feed-holes  to 
dump.  Great  difficulty  "svas  experienced  at  first  in  arriving  at  the 
correct  shape  for  the  feed-holes — that  is,  expanding  downwards, 
a.s  now  shown,  so  that  the  refuse  cannot  arch  over  in  tin;  furnace 
mouth.  A  worse  difficulty  was  that  of  getting  such  large  lids  as 
were  required  to  be?  quite  smoketight  when  closed.  Metal  to  metal 
joints  and  grooves  filled  with  sand  were  in  turn  found  unsatisfac- 
tory, and  the  handling  of  such  heavy  lids  was  also  difficult.  F.vcn- 
tnally  hinged  lid.s,  counterbalanced  ]»y  wciglits  hung  from  volute 
qi:  '  's  so  as  to  be  perfectly  balanced  at  all  positions,  were 
adopieu. 
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Each  lid  dips  into  a  water-seal  which  surrounds  the  furnace 
mouth,  the  water,  which  evaporates  slowly,  being  maintained  at 
the  proper  level  by  a  ball  cock.  This  makes  a  perfectly  gas-tight 
joint,  and  not  only  is  the  trouble  of  smoke  from  the  feed-holes 
obviated,  but  it  is  found  that  the  absolute  tightness  of  the  joint, 
preventing  even  a  small  leakage,  causes  the  furnace  gases  to  |>ond 
up  beneath  the  lid  and  to  remain  stagnant,  thus  fonninir  a  shield 
of  comparatively  cool  iras,  which  protects  the  lids  from  the  furnace 


Fio.  522. — Cart  Tipping,  Wkstminstku. 

licat.  .Vs  long  as  tlicrc  \va-  any  leakage  at  all,  tin*  lu'ated  ga.«e9 
drew  that  way,  and  kept  the  furiuict*  iiioutlis  and  lit!-:  nd  h<»t. 
which  caused  them  to  crack  an<l  give  trouble. 

A  hop])er,  constructed  of  wrought-iron  plates  and  set  on  hinges 
in  a  position  at  right  angles  to  that  of  the  li»l,  is  l<>were<l  over  the 
<»j)(iiing,  so  as  to  prevent  refuse  getting  into  tln'  water-seal.  TIiIh 
hop|)er  is  balance*!  in  a  similar  numner  to  tiuit  des<Til>ed  for  the 
li<ls,  and  both  liopj)er  an<l  \'u\<  are  easily  worked  by  hand  by  iiieann 
of  large  chain  wheels.  The  la!M>r  of  charging  is  tlius  saved.  t!io 
muck  is  never  handled  at  all,  but  shot  straight  into  the  furn. 
Tiiis  is  an  advantage  fnun  a  sanitary  |M)int  of  view,  but  it  is  not 
universally  ai»preciate(l,  as  it  puts  an  effective  stop  to  trado  in 
rags,  bones,  and  «lirty  glass  bottles,  whieli  can  no  longer  l>o  picked 
out  bv  the  stokers  and  sold. 
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Before  leaving*  the  subject  of  the  Westminster  destructor,  which 
is  the  first  of  its  kind,  the  author  wishes  to  acknowledge  his  great 
indebtedness  to  the  Engineers  of  the  Citj,  Mr.  Bradley  and  Mr. 
Ventris,  and  to  Dr.  Priestly,  the  Medical  Officer  of  the  Health  of 
Lambeth  (whose  duty  it  was  to  inspect  the  working  of  the  plant) 
for  their  invaluable  aid  in  overcoming  the  initial  difficulties  of  the 
undertaking. 

The  author  has  already  remarked  that  he  would  like  to  see  the 
duty  of  destructors  reckoned  in  cubic  yards  rather  than  tons,  as 
giving  a  fairer  basis  of  comparison.  It  is  not,  however,  in  the  least 
likely  to  come  into  vogue,  since  the  wagon-w^eighing  machine  is 
such  a  simple  and  convenient  method  of  taking  the  quantities. 

26.  Labor  in  Woj'l'lng. — The  author  w^ould,  hoAvever,  suggest  a 
further  reform  in  comparative  figures  to  the  effect  that  the  labor 
bill  in  working  the  furnaces  should  be  reckoned,  not  in  pence  or 
shillings  per  ton  (it  varies  even  in  England  from  sevenpence  half- 
penny at  IMoss  Side  and  elsewhere  to  tw^o  shillings  and  threepence 
at  several  London  destructors,  for  furnacemen  only),  but  in  tons 
dealt  with  per  man  per  hour.  This  would  eliminate  the  discre- 
pancies due  to  the  stokers'  wages  and  hours  of  labor  varying  so 
much  in  different  districts.  A  destructor  in  which  a  stoker  can 
deal  with  a  ton  per  hour  during  an  eight-hour  shift  may  be  con- 
sidered satisfactory,  and  this  is  being  attained  at  Westminster. 
There  can  be  no  doubt  that  a  very  large  saving  is  effected  in 
charging  direct  from  the  carts  in  the  case  of  a  destructor  dealing 
Antli  72  tons  of  bulky  refuse,  such  as  that  of  the  Strand  district, 
every  twenty-four  hours. 

27.  Mechanical  Stokers. — Many  attempts  have  been  made  to 
effect  the  operations  of  stoking  and  clinkering  by  mechanical 
grates,  but  hitherto  without  much  success.  Mechanical  grates  of 
many  kindn  have  been  tried,  and  large  sums  sunk  in  such  experi- 
ments. The  author  \i:\<  liad  some  expensive  experience  in  this 
direr-tion,  and  the  opinion  that  he  has  formed  is  tliat  any  attempt 
to  make  the  burning  f)rocess  continuous  instead  of  intermittent 
will  fail,  unless  .some  entirely  fresh  method  be  found.  Tlie  quality 
of  the  refuse  as  fuel  is  too  poor  t/)  ena])le  the  fire;  to  creep  back 
tVr..iif/],  a  comparatively  thin  layer  of  it  as  fast  as  the  material 

'•  moved  forward  to  give  anything  like  a  reasonable  output; 

and  after  the  mechanism  has  been  set  so  as  to  give  only  about 

"  of  four  tons  per  cell  per  twenty-foui-  lion  is,  it,  has  been  found 

the  speed  was  too  great  for  the  fire,  whicli  was  very  soon 
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all  ejected  from  the  furaace.  The  fuel  also  varies  so  much  that 
one  part  of  the  fire  ^^^ll  have  become  black  clinker  while  other 
parts  are  insufficiently  burned.  Trinmiing  and  clinkering  by  hand 
and  the  intennittent  system  of  firing  in  one-and-a-half  or  two- 
hour  hcat.s  at  present  hold  the  field. 

28.  CUnkering. — The  operation  of  cliiikering  is  one  requiring 
both  strength  and  skill.  The  mass  of  clinker  is  often  5  inches 
thick  over  the  whole  grate  surface,  and  in  breaking  it  up  and  with- 
dra\\'ing  it  from  the  furnace  the  st-oker  must  be  careful  to  turn 
it  over  so  as  to  throw  off  any  live  fire  on  the  top,  which  he  after- 
wards spreads  eveidy  over  the  grate  for  the  purpose  of  lighting 
the  new  charge  of  refuse.  The  blast,  which  is  shut  off  during 
clinkering,  should  be  put  on  again  for  a  few  niinutos  before 
charging,  so  as  to  prepare  a  bed  of  hot  fire  for  the  reception  of  the 
charge. 

Another  method  adopted  with  some  well-known  tyi)es  of  furnace 
is  to  feed  them  continuously  from  the  front  by  hand  and  to  clinker 
also  continuously  from  each  portion  of  the  grate  surface  in  turn. 
In  furnaces  both  fed  and  clinkered  at  the  front,  no  drying  hearth 
is  provided,  and  there  is  therefore  no  preliniinars'  drying  of  the 
refuse.  This  system  is  adopted  by  the  author  for  small  portable 
destructors  and  furnaces  for  hospitals,  but  not  for  larger  instjilla- 
tions,  on  account  of  the  higher  cost  of  labor.  Some  engineers  use 
continuous  grates  without  any  division  into  cells  above  the  grates, 
the  ash-pits  only  being  divided.  The  author,  however,  strongly 
favors  the  cellular  system,  which  lends  itself  much  more  readily 
to  repairs,  as  one  cell  can  be  r(^j)aired  at  a  time  without  st/»pping 
the  others,  thus  rendering  a  duplication  of  plant  (piite  unnecessary. 

29.  Detailed  Description  of  Furnace. — The  different  methods  of 
charging  the  furnaces  having  been  described,  it  may  now  be  con- 
venient to  deal  with  the  det^iils  of  tlK>se  parts  of  the  furnaces 
which  are  common  to  the  three  types  at  W(»stminst<'r,  West 
Hartle|>o<:>l,  Brussels  and  ^loss  Side  resiM'ctively.  The  n-fusc*  is 
first  i)iled  up  on  the  <lrying  hearth  al>ove  the  main  flue  and  is 
afterwards  raked  from  the  front  on  to  the  grate-bars  a.»*  may  bo 
require<l.  The  drying  hearth  and  grate-bars  slo|>e  down  alx»ut  one 
in  six  towards  the  furnace  fn»nt;  this  greatly  HMJuces  the  lul>or  of 
working  the  furnaces.  The  grat<»-bars  have  narrow  sjnicej^ — rtlK>ut 
three-sixteenths  of  an  inch — and  an*  made  in  single  lengths  of 
6  feet,  four  bars  b4'ing  cast  togetlier.  This  eiuibh^  tlie  chii*el  UxAa 
used  in  clinkering  to  bo  worked  from  below  along  tlie  whole  length 
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of  the  grat^-bars  without  check.  A  wide  ''  deadplate  "  is  provided 
in  front,  and  the  furnace  mouth  is  closed  by  a  door  extending  the 
full  width  of  the  furnace  and  lined  mth  fire-brick  blocks.  The 
furnace  door  slides  ui)wards  to  open,  the  working  faces  being- 
planed,  and  the  door  suspended  from  a  balanced  lever.  In  closing 
it  falls  into  wedge-shaped  catches  which  force  it  tight  against  its 
frame.  Such  doors  are  found  much  more  suitable  than  hinged 
doors,  which  were  commonly  used  in  early  desti*uctors,  as  the  latter 
exposed  their  red-hot  inner  surfaces  to  the  stoker  on  being  opened. 
In  each  main  furnace  door  is  fitted  a  small  rake-door,  just  large 
enough  to  admit  the  stoker's  rake  to  enable  him  to  trim  the  fire 
and  pull  down  the  muck  without  exposing  himself  to  the  heat  of 
the  furnace.  The  main  door  need  only  be  opened  for  the  opera- 
tion of  clinkering.  The  ash-pits  are  closed  by  suitable  air-tight 
doors,  and  are  sloped  every  way  towards  the  door,  to  facilitate  the 
removal  of  ashes. 

30.  Fireclays. — The  whole  of  the  interior  of  the  furnace  is 
constructed  of  specially  made  fireclay  blocks  of  the  best  quality, 
dovetailed  together,  and  all  of  the  arched  construction.  Flat  fire- 
clay lumi)s  over  openings  and  flues  are  found  to  crack.  OAving  to 
the  great  heats  attained  and  the  frequent  changes  of  temperature, 
it  is  necessary  to  select  the  fireclay  with  care,  to  avoid  troubles 
from  expansion  and  contraction.  Bricks  too  rich  in  silica  expand 
and  contract  far  too  much,  and  clays  which  answer  well  for  metal- 
lurgical purposes  are  often  found  too  brittle  for  destructor  work. 
The  fireclays  which  are  found  suitable  for  use  in  destructor  fur- 
naces neither  contract  nor  expand  under  heat,  and  are  able  to 
withstand  frequent  changes  of  temperature,  the  maximum  being 
alx)ut  2,'iOO  degrees  Fahr.  They  should  consist  of  from  00  to  70 
per  cent,  silica  and  30  to  40  per  cent,  alumina.  A  slight  admixture 
of  iron  is  harmless,  but  liiiu',  ])otasli  and  soda,  which  are  usually 
found  in  such  clays,  should  only  be  present  in  very  small  (juantities, 
as  they  tend  to  act  as  a  flux.  The  beds  of  fircHrlay  at  Leeds, 
Sheffield,  TJlrTilKiig,  near  (ilasgow,  and  Stourbridge  arc  all  of 
suitable  quality.  The  bricks  and  blocks  luust  Ik^  very  truly 
formed,  in  order  that  the  thinnest  posHil)l(;  joints  may  be  made. 
It  Lb  also  important  that  the  fire-bricks  should  bo  a  little  thicker 
than  the  common  bricks  with  which  they  have  to  bond,  because 
naturally  the  joints  in  the  common  brickwork  will  hv  thicker  than 
would  be  desirable  in  the  fire-brick  work. 

31.  Fans  or  ti team-Blast. — The  draught  is  forced  by  means  of 


THE    BURNING    OF    TOWN    REFUSE.  1093 

fans  or  steam-jets.  The  question  as  to  which  gives  best  results, 
dry  air  or  steam-jet  blast,  is  frequently  debated.  A  blast  of  about 
one  inch  of  water  cohmin  is  found  to  answer  best  \Wth  average 
refuse.  The  use  of  higher  pressures  causes  the  fire  to  bum  into 
holes  too  frequently,  and  thus  causes  too  great  an  excess  of  air  to 
pass,  and  consequently  lowers  the  temperature. 

This  pressure  can  be  obtained  easily  and  ec<mnniically  either  by 
steam-jet  blast  or  by  a  centrifugal  fan.  For  working  at  a  rate  of 
10  tons  per  twenty-four  hours,  on  a  grate  area  of  ;]0  scpiare  feet, 
or  at  a  rate,  say,  30  pounds  of  refuse  p<'r  square  foot  of  grate  per 
hour,  a  volimie  of  about  700  cubic  feet  of  air  ix?r  minute  at  at- 
mospheric pressure  and  temperature  for  each  cell  is  requin'd,  or, 
say,  23  cubic  feet  of  air  per  minute  for  everj'  square  foot  or  grate 
area  in  use.  To  deliver  this  quantity  of  air  at  the  requisite 
pressure  requires,  with  an  efficient  steam-l)Ia>t  a]>paratus,  about 
100  pounds  of  steam  per  hour  for  each  cell  of  30  square  feet  grate 
area,  w^hereas  witli  a  good  centrifugal  fan  only  one-fifth  of  this 
amount,  or,  say,  20  pounds  of  steam  per  hour,  is  needed.  To 
compensate  for  the  larger  consumption  of  the  steam-jets,  it  may 
be  stated  that  they  give  a  higher  tonqxTature  and  evai>oration 
than  the  diy-air  blast,  provided  that  the  refuse  is  rich  enough  in 
carbon  to  give  the  necessary  temperature  for  the  disstviation  of 
the  steam,  which  fonns  water-gas  in  the  furnace,  and  which  greatly 
improves  the  combustion.  This  action  has  been  explained  *  by 
Lord  Kelvin  and  Dr.  Archibald  Barr  in  the  follo^^^ng  words:  "  A 
more  important  function  is,  however,  fulfilled  by  the  steam.  In 
coming  into  contact  with  the  incandescent  fuel  it  is  decomposed, 
the  hydrogen  IxMug  freed,  while  the  oxygen  combines  with  the 
carbon  in  the  fuel  to  fonn  carbon  nmnoxide.  This  decomi>osition 
of  the  water  is  effected  by  heat  abstracted  inmi  the  lower  part  of 
the  fire,  where  it  can  be  of  conq>aratively  small  value  for  tlie  cre- 
mation of  the  distillate.  The  '  water-gas  '  (hydrogen  and  carl>on 
monoxide)  passes  upwards  to  be  burned  by  the  excess  air  which  it 
meets  with  over  the  fire,  thus  serving  t^)  increase  the  tiMiifx^rature, 
which  would  otherwise  exist  at  the  meeting  of  the  pn^lucts  of  com- 
bustion with  the  gases  distilled  from  the  raw  nuiterial." 

The  imjmrtance  of  the  action  of  the  stx^am-jet  wa.**  strikingly 
exemplified  in  an  instance  which  came  under  the  ol)ser>-ntion  of  the 
author  at  Bury,  Lancashire,  where  in  a  new  destructor  it  was  not 


•  Report  on  the  "  non»f«n  IVHtrurtoni,"  1896. 
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fouml  possible  to  roach  the  guaranteed  temperatures  in  the  Hues 
by  means  of  dr\'-air  blast.  The  substitution  of  steam-blast  for  the 
fans  immediately  gave  and  maintained  the  required  temperature. 
It  is  fully  demonstrated  that,  provided  always  the  refuse  is  suffi- 
ciently rich  in  carbon,  a  steam-blast,  although  it  uses  more  steam 
for  the  draught,  yet  so  increases  the  amount  of  the  total  steam 
raised  as  to  give  a  better  steaming  result  on  the  whole  than  the 
fans.  With  the  refuse  of  Hamburg  and  Berlin,  however,  it  is 
doubtful  whether  the  same  can  be  said,  because  the  use  of  closed 
stoves  in  those  cities  renders  the  refuse  very  poor  as  regards  com- 
bustible cinders.  One  hundred  pounds  of  steam  used  in  the  blast 
for  each  cell  of.  30  square  feet  grate  area  per  hour  may  be  con- 
sidered a  very  good  result  for  steam-blast,  and  it  can  only  be 
secured  by  using  efficient  arrangements. 

A  steam-jet  has  been  devised  by  Mr.  C.  W.  James,  in  conjunc- 
tion with  the  author,  for  this  purpose,  in  which  the  nozzle  is  flat 
instead  of  round,  thus  yielding  a  ribbon  of  steam  instead  of  a  plug 
of  steam.  It  is  probable  that  the  air  is  carried  through  the  blast- 
tube  mainly  by  means  of  surface  friction  between  the  jet  of  steam 
and  the  surrounding  column  of  air,  and  it  is  therefore  advantage- 
ous to  have  the  greatest  possible  surface  on  the  steam-jet  per 
]M»und  of  steam  passing.  Tliis  is,  of  course,  obtained  by  making 
the  jet  flat  and  thin.  A  thickness  of  one-fortieth  of  an  inch  is 
found  best.  It  is  also  important  that  the  steam  should  be  super- 
heated, so  as  to  prevent  condensation  and  obstruction  in  the  nozzle 
itself.  A  pressure  of  30  to  40  pounds  to  the  square  inch  for  the 
steam-blast  gives  the  most  economical  results.  Keducing-valves 
are  used,  giving  this  pressure  whatever  may  be  the  working 
pressure  of  the  boiler. 

A  further  great  advantage  to  be;  set  down  to  the  credit  of  the 
ftteam-bla«t,  as  compared  with  fan  draught,  is  the  fact  that  it  pro- 
tects and  lengthens  the  life  of  the  ironwork  exposefl  to  heat  in  the 
furnaces,  such  a.s,  for  instance,  grate  bars  and  the  cast-iron  sid(^ 
boxes  which  arc  used  for  heating  the  ])last.  After  leaving  the 
nozzle  the  ateam  in  the  blaat  is  condensed,  and  it  reaches  these 
iron  parts  in  the  form  of  particles  of  water.  On  striking  the  hot 
jr-.r.  it  in  immediat^dy  re-eva}K>rated  int/O  steam,  carrying  with  it  a 
.  •  rable  amount  of  heat,  and  thus  keeping  down  the  tempera- 
ture of  the  ironwork.  The  author  has  seen  grate  bars  taken  out 
of  a  furnace  after  six  years'  constant  use  very  little  the  worse  for 
wear,  whereas  with  dry  air-blast  and  high  temperatures  the  grate 


THE    BURNING   OF    TOWN    REFUSE.  1095 

bars  would  require  to  be  renewed  after  six  months  to  twelve 
months  at  the  latest. 

32.  Cast-iron  Furnace  Sides. — The  steam-jet  trumpets  used  in 
the  West  Hartlepool  installation  are  combined  with  the  east-iron 
side-boxes  which  form  the  sides  of  the  furnaces  alxjvc  and  below 
the  grate-bars.  Those  side-buxes  serve  the  iloubh-  purj>ose  of 
heating  the  blast  to  a  temperature  of  400  degrees  Fahr.  in  the  ash- 
pit and  of  protecting  the  brick-work  at  the  sides  of  tlie  furnace 
from  the  undennining  action  of  the  hot  clinker.  In  furnaces 
with  brick-work  sides,  at  the  first  level  it  is  found  that  the  clinker 
fuses  to  the  brick-work,  and  every  time  it  is  removed  brings  away 
particles  of  the  wall,  thus  gradually  undermining  it,  and  allowing 
the  crown  of  the  furnace  to  fall  before  it  is  anything  like  worn 
out.  The  side-boxes,  which  are  kept  cool  by  the  passage  of  the 
cold  air  and  by  the  cooling  action  of  the  steam  above  described, 
prevent  this  action.  The  air  is  drawn  into  the  boxes  from  hoods, 
something  like  the  hood  over  a  blacksmith's  fire,  placed  over  the 
clinker-door  in  such  a  position  as  to  draw  off  any  smoke  ami  dust 
rising  during  the  o}>e ration  of  clinkering.  This  improves  the 
ventilation  of  the  stoke-hole. 

83.  Firing  Tools. — The  firing  tools  consist  of  prongs  i»r  pushers 
for  charging  the  furnaces,  light  and  heavy  rakes,  for  pulling  down 
and  clinkering  respectively,  and  chisel  bars.  They  are  all  neces- 
sarily long,  and  any  means  of  making  them  lighter,  without  re- 
ducing their  strength,  is  worth  adopting.  It  is  found  a  good  |)Ian 
to  use  a  weldless  steel  tube  for  rake  handles,  and  to  make  the  chisel 
bars  of  solid  masons'  tool  steel  in  order  to  get  the  greatest  jX)Bsible 
strength. 

34.  Boilers. — In  the  early  destruct4)r  plants  multitubular  Ixiilers 
of  plain  cylindrical  6ha|)e,  with  fire-tubes  alxmt  3  inches  or  4 
inches  in  diameter,  were  frequently  used.  One  of  tlie  most 
serious  drawbacks  to  these  was  the  fact  that  the  dust  carried  in 
the  gases  soon  choked  up  the  tuln^s,  which  ha<l  to  U*  brushed  out 
three  or  four  tinn's  in  the  course  of  a  <lay,  and  an  even  worse 
defect  was  the  stiffness  of  the  Ixuler,  wliieh  di<l  not  easily  yield  to 
expansion  and  contraction.  A  destructor  boih-r,  placed  at  the  end 
of  the  main  Hue,  is,  of  course,  really  a  gas-fired  l>oiler,  and  it  Lb 
subject  to  having  the  gases  switched  on  or  off  instjintam'ously. 

It  was  found  that  with  these  multitubular  Uuh'rs  the  tuU^  very 
soon  began  to  leak  at  the  tube  plate;  moreover,  boilers  of  such  a 
large  diameter  as  were  generally  used  were  not  yory  suitable  for 
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high  pressures,  unless  they  were  constructed  in  a  very  expensive 
maimer.  For  these  reasons  such  boilers  are  now  only  used  for 
very  small  inst^^llations,  or  where  steam-raising  is  a  matter  of  little 
importance. 

It  is  essential  that  a  boiler  which  permits  its  tubes  to  expand 
and  contract  very  freely  should  be  used. 

The  two  types  of  boiler  most  favored  at  the  present  time  in 
connection  with  destructors  are  the  Lancashire  type  and  the  water- 
tube  tyjx*.  The  former  has  the  advantage  of  large  capacity  for 
storage  of  hot  water  and  steam,  and  it  is  also  less  susceptible  to 
troubles  arising  from  hard  water,  but  it  is  found,  when  using 
destructor  gases,  that  the  flue  area  is  insufficient  unless  the  boiler 
be  made  larger  than  would  be  usually  adopted  for  the  same  rate  of 
evaporation  when  fired  in  the  ordinary  way  ^vith  coal.  A  deposit 
of  dust  in  the  two  flues  of  the  boiler  is  not  a  very  serious  draw- 
back, as  the  boiler  is  easily  cleaned,  and  the  lower  half  of  the  flue 
is,  of  course,  less  valuable  as  heating  surface  than  the  upper  half. 
A  well-constructed  Lancashire  boiler  is  also  able  to  withstand  the 
effects  of  expansion  an<l  contraction,  duo  to  the  hot  gases  being 
sud<lenly  switched  on  or  off  l)y  means  of  the  by-pass  damper. 

In  cases  where  the  destructor  has  to  work  continuously,  while 
the  power  is  only  required  for,  say,  three  or  four  hours  a  day  (so 
oft^^'n  in  the  case  in  electricity  stations)  the  large  capacity  of  the 
Lancashire  boiler  for  storage  of  steam  power  is  very  valuable. 

The  w^ater-tube  boiler,  however,  seems  destined  to  have  the 
preference  in  most  new  destructor  installations.  In  the  first  place, 
it  is  specially  adapted  for  high  pressures. 

St<*am  is  raised  very  quickly,  which  is  a  great  advantage  in 

starting  the  destructor  at  the  beginning  of  each  week,  because  the 

forced  draught  cannot  be  put  into  operation  until  steam  has  been 

raised.     Tlie  water-tube  boiler  is  well  ada])ted  for  resisting  the 

sudden   changes   of   temperature   to   which  it   is   subjected  in   a 

destructor,  and  it  provides  am|)lo  area  for  the  passage  of  the  gases 

in  proportion  to  its  heating  surface.   It  has  another  great  advantage 

in  the  fact  that  dust  can  only  kxlge  on  the  tops  of  the  tubes  (whcai 

in  proportion  to  its  heating  surface.     It  has  another  great  advan- 

t'o/f  in  the  fact  that  dust  can  only  lodge  on  the  tops  of  the  tubes 

I  en  the  tubes  are  horizontal  or  sloping),  leaving  the  lower  sur- 

faces,'  which  are,  of  course,  the  most  effective,  always  clean.     The 

^   can  be   readily    removed   by   means   of   steam-jets    applied 

'i  ^uitable  cleaning  holes,  provided  in  the  brick- work  sides 

01  iLc  boiler  seating. 


I 


THE   BURNING   OF   TOWN    REFUSE.  1097 

When  water-tube  boilers  \vith  vertical,  or  nearly  vertical,  tubes 
are  used,  dust  cannot  lodge  at  all,  and  as  there  is  no  soot  in 
destructor  gases,  an  externally  clean  heating  surface  is  alwav> 
presented.  It  may  also  be  remarked  that  boilers  of  the  water-tube 
t}T)e  can  be  arranged  closer  U)  the  end  of  the  battery  of  destruetoi 
cells,  and  the  damper  arrangements  can  be  made  more  convenient 
than  when  boilers  of  the  Lancashire  type  are  used. 

35.  Fuel  Economizers. — Seeing  that  the  destructor  depeiiiU 
much  more  upon  forced  draught  than  upon  the  pull  of  the  chim- 
ney, it  is  economical  to  carry  the  reduction  of  the  temperature 
of  the  gases  at  the  chimney  base  to  a  low  point,  say  between  4<H) 
degrees  and  500  degrees  Fahr.,  and  fuel  economizers  are  fre- 
quently placed  in  the  flues  behind  the  boilers.  These  should  be, 
like  the  boilers,  arranged  so  that  the  gases  can  be  by -passed  at 
short  notice. 

36.  Utilization  of  Heat. — The  heat  o£  the  gases  from  destruc- 
tors, although,  as  stated  above,  of  considerable  value,  is  unfor- 
tunately often  lost  through  lack  of  convenient  application  near  to 
the  site  of  the  destructor.  It  is  a  curious  fact  that,  altliougli 
electric-lighting  stations  only  demand  a  considerable  <piantity  <»t" 
])ower  during  three  or  four  hours  per  diem,  the  combination  of 
destructors  with  electricity  stations  is  the  commonest  method 
of  utilizing  the  heat.  There  are,  however,  other  kinds  of  munici- 
pal work  that  can  absorb  a  fair  proportion  of  the  power  available. 
Stone-breaking,  crushing  and  screening  the  clinker  from  the 
destructors,  or  grinding  it  into  mortar,  driving  repairing  .•^hops, 
sawing,  chaff-cutting,  sewage  and  water-pnmping,  heating  baths 
and  wash-houses,  and  even  schools  and  dwellings,  have  been  car- 
ried out  in  different  places  by  means  of  the  st^'am  from  destructors. 

At  Moss  Side  (Manchester)  a  snow  melting  pit  has  been  con- 
structed by  the  Municipal  Knginccr — ^Ir.  l.onglcy — in,  which  n 
series  of  pipes  bnnging  steam  from  the  destnictor  boilers  is  placed. 
These  are  perforated  so  as  to  throw  jets  of  hot  steam  ufwa  the 
snow  as  it  is  tipped  into  the  melting  pit. 

At  Folkestone,  the  Borough  Engineer — Mr.  Nichols  -has  con- 
structed heating  pans  on  the  fluis  In^yond  tlie  economizer  for  the 
purpose  of  wanning  the  mat^^ rials  for  use  in  forming  streets  of  tar 
Afaeadam. 

37.  Dust-rafcher. — A  dust-catcher  lias  Wn  placed  l)otweon  i\xfi 
In.ih'r  and  the  chimney  in  the  installation.-*  at  BruHHoK  ^V**«t 
Hartlepool,  ^loss  Side,  an<l  in  many  other  recent  de8tnicU>rB.   The 
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latest  fomi  of  this  apparatus  has  boon  dovisod  by  ^lessre.  Newton 
and  Diggle,  of  Accrington,  in  conjunction  \\'ith  the  author,  and  it 
consists  of  a  swirling  chamber,  into  which  the  gases  are  led  from 
the  main  flue  in  such  a  manner  as  to  give  them  a  circuhir  tjr 
revolving  motion  witliin  the  chamber,  Fig.  52*5.  In  carrving 
this  out  they  are  made  to  pass  round  an  annuhis  fc^rmed  by  the 
outer  circular  wall  and  the  inner  well,  built  u|>  to  within  a  short 
distance  of  the  domed  or  arched  roof.  The  wliole  of  the  interior 
is  lined  with  fire-brick  to  enable  the  apparatus  to  deal  with  re<l-hot 
gases  when  the  boilers  are  not  in  use.  The  rapid  revolution  of  the 
gases  wuthin  this  chamber  throws  all  the  suspended  dust — even  the 
smallest  particles — against  the  outside  wall  of  the  chamber  by 
centrifugal  force. 

At  intervals,  vertical  slits  are  provided,  leading  into  pockets 
outside  the  chamber. 

The  dust,  travelling  along  the  outer  wall,  finds  its  way  into  these 
slits  and  thence  into  the  pockets,  where  the  gases  are  stagnant,  and 
where  the  dust  falls.  The  vertical  slits  leading  into  these  pockets 
can  be  closed  by  suitable  doors  hung  freely  on  ball-lx>aringH  and  so 
arranged  that  whenever  the  outer  cleaning  door  of  the  pocket  is 
o}>ened  for  the  j)urj)ose  of  withdrawing  the  dust  the  door  covering 
the  inner  opening  is  closed  by  suction. 

With  this  apparatus  it  is  possible  to  extract  the  du>t  from  any 
or  all  of  the  pockets,  without  interfering  ^vith  the  draught  of  the 
destructor.  This  is  important  when  destructors  are  combined 
uqth  electricity  stations,  as  at  Accrington,  because  it  is  never  prac- 
ticable to  allow  the  flues  to  get  cool  enough  to  clean  out  by  hand. 
Not  only  the  dust-catcher  itself,  but  the  whole  of  the  flues  througii- 
out  the  destructor  and  boiler  can  be  cleaned  by  simply  opening 
the  end  doors,  and  allowing  the  wind  to  rush  through,  whipping  up 
the  whole  of  the  dust  deposited  in  the  flues,  an<l  carrying  it  for- 
ward into  the  dust-catcher,  where  the  centrifugal  action  di«*charpes 
it  into  the  pockets  above  describe*!.  It  will  }>o  olwerved  that  the 
stronger  the  draught,  the  more  complete  is  the  separation  of  the 
dust. 

38.  Dampers. — Dampers  of  many  kinds,  including  east  iron 
Twith  and  without  ribs),  wrought-iron  and  sU'el  plates  of  different 
thicknesses  have  been  tried.  Cast-iron  gas-valves,  with  cold-water 
circulation,  have  also  been  extensively  used.  The  latter  were  8ue- 
cessful  until — as  always  liapjx'ned  sooner  or  later — the  wat^r  8uj>- 
ply  was  interrupted,  by  accident  or  design,  when  they  would  iuuue- 
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diately  fail.  Exix^ricncc  seoins  to  point  to  a  clamper  formed  of 
lire-brick  blocks  in  a  suitably  designed  cast-iron  frame  as  the  most 
reliable  for  general  pui'poses.  The  damper  should  be  set  in 
grooves  deep  enough  to  protect  the  frame  from  the  action  of  hot 
gases.  It  should  also  be  provided  ^vith  suitable  means  for  making 
the  slit  at  the  top  practically  air-tight,  when  the  damper  is  either 
closed  or  0|>en. 

The  author  has  recently  adopted  double  by-pass  dampers  for  the 
by-pass  to  the  boilers.  These  are  found  to  be  practically  gas-tight, 
as  the  damper  nearest  to  the  chimney  so  reduces  the  tension  of  the 
draught  that  the  leakage  past  the  second  damper,  ^vith  which  the 
gases  come  earliest  in  contact,  is  negligible. 

39.  Chimneys. — A  dissertation  on  destructor  chimney  shafts 
would  be  out  of  place  in  a  paper  which  has  already  run  to  con- 
siderable length,  but  it  may  be  remarked  in  passing  that,  unless 
in  very  special  circumstances,  a  destructor  chimney  need  not  ex- 
ceed from  100  feet  to  120  feet  in  height.  Even  at  the  West- 
minster destructor,  which  is,  as  before  stated,  in  the  heart  of 
London,  the  height  of  the  chimney  above  ground  line  is  only  90 
feet,  and  the  destructor  is  worked  without  complaint.  In  fact,  it 
may  be  said  that  it  is  difficult  to  tell  by  observation  of  the  chimney 
wliether  the  plant  is  at  work  or  not. 

Destructor  chinmeys  should  be  constructed  to  withstand  the 
full  heat  of  the  gases,  which  are  sometimes  directed  into  them 
without  passing  through  either  boilers  or  economizers.  For  this 
reason  they  should  invariably  be  lined  to  the  top  with  fire-brick, 
and  it  is  good  practice  also  to  provide  an  air  space,  properly  ven- 
tilated, between  the  fire-brick  lining  and  the  outer  shell. 

40.  Clinker-handling. — To  come  now  to  some  of  the  machinery 
acces.sory  U)  destructc^rs,  it  may  be  mentioned  that  one  of  the  most 
iiniKirtant  fK>ints  is  the  handling  of  the  hot  clinker  as  it  is  witli- 
drauTi  from  the  furnace.  At  Moss  Side,  and  also  at  Westminster, 
overhead  railways,  on  the  sy.stem  dc^vised  by  Mr.  Cox,  City  En- 
gineer of  Bradford,  and  the  late  ^Ir.  Mc'J'aggart,  are  used.  These 
railways  consist  of  a  single  II  beam  suitably  suspended,  on  which  a 
Hiiiall  trolley,  with  ball  or  roller  bearings,  runs  f redely,  Fig.  519  and 
Fig.  r»24.  From  the  trolley  liangs  a  large  tip])ing  truck  of  suital)l(; 
capacity  for  taking  the  whole  of  the  clinker  from  the  cleaning  of  a 
single  cell.  This  represents  two,  and  even  sometimes  three,  very 
large  barrow-loads,  which  would  be  heavy  labor  to  wheel.  The 
clinker  truck  is  suspended  immediately  imder  the  lip  of  the  front 
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dead-plate,  so  that  the  clinker  can  be  withdrawn  directly  into  it. 
It  is  then  pulled  away  by  the  stoker  along  the  runway  over  the 
r-linker  cooling  bed,  and  tipped  on  its  own  trunnions  so  as  to  dis- 
charge the  clinker  on  tlie  ground,  where  it  is  allowed  to  cool. 
These  railways  are  capable  of  considerable  modification  to  suit 
different  sites.  For  instance,  at  Westminster,  where  the  phint 
is  sunk  below  ground  level,  a  section  of  the  rail  is  lifted  on  a 


Ins.  12    6    0 


1 


LA. 


1. 


J 

Am  Ami  JUu  CW..V  T. 


Fig.  524.— Ovefuikad  ( 'linker  Ratlw.w  and  Bucket.  "    Mom  Stdi. 


suitable  hoist,  and  it  is  also  provided  with  a  revolving  arrangement, 
so  as  to  command  several  sets  of  rails  at  the  top.  Tunitablos  are 
also  easily  contrived  and  worked. 

41.  Clinhcr  Crushers  and  Screens. — SuitabK*  rlinkcr  rru.Hliers 
and  screens  for  preparing  the  material  for  concret*'  work,  such  a.** 
firo-i)roof  floors,  road  foundations,  and  the  like,  have  Imm'H  de- 
signed also  by  Messrs.  Co.x  and  ^IcTaggart,  and  are  o.xU'nsivrly  in 
use.  The  crushers  consist  of  a  pair  of  tluti'd  rollers  mounted  (»n 
wooden  keys  so  as  to  give  the  necessary  elasticity  to  avoid  brt'uka^ 
when  pieces  of  iron  are  encountered.  The  yield  of  the  key«  ia 
sufficient  to  stop  the  machine  gradually,  and  not  instantaneously, 
and  has  the  effect  of  throwing  off  the  belt  of  the  machine,  and 
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avoiding  the  sudden  jar  which  would  cause  breakage.  The  screens 
deliver  the  material  in  sizes  required  for  the  various  works  to  be 
undertaken. 

42.  Paving  Flags. — Attention  has  recently  been  given  also  to 
the  production  of  concrete  flags  for  footways,  and  to  mixing  and 
pressing  machinery  for  making  building-bricks. 

43.  Clinker  Bricks. — Dr.  Schultess,  of  Zlirich,  has  worked  out 
a  very  complete  system  for  the  production  of  bricks  from  clinker 
and  lime.  One  of  the  features  of  his  system  is  the  lime-slaking 
machine,  which  produces  a  perfect  lime  in  a  dry  powder,  free  from 
nodules,  and  slaked  with  exactly  the  proper  amount  of  water.  He 
also  provides  mixing  machinery  arranged  so  as  to  automatically 
mix-  the  correct  quantities  of  ground  clinker,  lime  and  water,  and 
one  of  the  advantages  to  which  he  draws  special  attention  is  the 
fact  that  no  water  need  be  expressed  from  the  flag  under  corn- 
pressure,  the  amount  of  moisture  supplied  being  what  is  required 
for  the  proper  setting  and  no  more.  This  enables  a  brick  or  flag 
with  very  clean  arrises  to  be  produced.  A  further  feature  of  Dr. 
Schultess's  system  is  the  maturing  of  the  final  product  in  forty- 
eight  liours  by  means  of  steam  at  atmospheric  pressure. 

Bricks  and  flags  so  produced  have  a  strength  considerably 
exceeding  that  of  good  burned  clay  bricks,  and  the  bricks  are 
suitable  for  foundation  work,  embankment  walls,  and  for  inner 
walls  of  houses.  Their  dark  color  is  a  drawback  to  their  adoption 
for  outer  walls.  In  the  ordinary  way  Portland  cement  is  used 
for  such  productions,  but  Dr.  Schultess  claims  to  get  a  better 
result  with  lime,  and,  of  course,  at  a  lower  cost. 

44.  Clinker  Mortar. — Mortar  made  from  clinker  and  lime  is 
found  to  be  almost  orpial  to  hydraulic  mortar,  and  it  is  capable  of 
withstanding  considerable  heat.  In  fact,  in  destructors  at  Old- 
ham, Bradford  and  elsewhere  it  is  frequently  used  for  pointing  up 
the  interior  of  tlie  furnaces,  and  is  found  to  stand  as  well  as  fire- 
clay. 

45.  JJcstrurlors  for  Jfospitah,  etc. — Destnictors  of  small  size, 
pnitable  for  villages  and  pnl>Hc  institutions,  sucli  as  hospitals  or 
large  hotels,  have  been  alluded  U>  above.  No  special  remark  is 
called  for  respecting  the  design  of  such  furnaces,  except  that  they 
should  be  of  the  simplest  character.  As  a  rule  they  are  both  fired 
and  clinkered  at  the  front  through  the  clinkering-door.  In  other 
respects,  such  as  in  the  details  of  grate  bars,  cast-iron  side-boxes, 
forced-draught  af)|>aratas,  front-flue  openings,  and  so  forth,  the 
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design  of  the  larg-or  types  of  furnaces  is  followed.  In  come  cases, 
however,  where  it  is  impossible  to  get  steam  for  steam-blast  or 
electric  current  for  fan  draught,  such  furnaces  have  to  be  worked 
by  means  of  strong  natural  draught. 

46.  Poriahle    Destructors. — ''  Portal)le  ''    destructors    are    also 
made,  consisting  of  a  furnace  following  the  al)ove  general  linos 
attached  to  a  plain  cylindrical  ''  multitubular  "  boiler  with  a  dust- 
catcher  in  the  smoke-box,  steam-jet  forced  draught  and  a  short 
chimney;  the  whole  being  mounted  on  wheels  for  trans^^ort.    The 


Fig.  52.*5.— Portable  Destructor. 


weight  of  the  dcstructnr  illustrated.  Fig.  r»L'."»,  is  between  0  and  7 
tons,  and  the  capacity  about  4  tons  of  muck  in  the  24  hoiirg. 
These  small  "  portable  ^^  dt^structors  are  good  steam-raisers,  and 
when  used  in  connection  with  hospitals  the  power  may  U»  con- 
veniently iitilized  in  connection  with  electric  lighting  plant, 
li(>ntgen  ray  aj>paratus,  <lisinfecting  cham!>ers,  and  tiie  like.  Tlioy 
are  also  intended  to  be  worked  when  stafiomiry. 

A  still  smaller  destructor  has  been  devised  by  the  author's 
brother,  ^Ir.  F.  L.  Watson,  for  military  pur|>o8e8,  coiiHisting:  of  a 
small  furnace  cond)ined  with  st<'rilizing  tanks,  in  whicli  iiifictcd 
clothing,  etc.,  can  Ik*  dealt  with,  the  whole  U'ing  mounted  tm  two 
wheels  and  suitable  for  mule  or  horse  tran.siMirt.  There  can  be  no 
doubt  that  a  convenient  apparatus  of  tliis  kind,  if  available  at  all 
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staiuling  and  advancod  camps,  would  materially  lessen  the  ravages 
of  z^^notic  diseases  in  time  of  wa  r. 

In  conclusion,  the  author  begs  to  acknowledge  his  indebtedness 
to  manv  engineers,  in  not  a  few  instances  friends  of  his  own,  for 
their  labors  in  connection  with  the  disposal  of  refuse  by  fire,  and 
he  trusts  that  the  above  notes  of  his  OAvn  experience  may  be  of 
interest  and  of  service  to  the  members  of  the  Institution. 


APPENDIX    I. 

THE   DESTRUCTOR   AT   WEST   HARTLEPOOL. 
Test  Report. 

Note.— The  following  figures  and  the  accompanying  diagram,  Fig.  526,  give  the  mean  results 
of  the  two  days. 

Date  of  test 28tli  and  29th  Jan.,  1904. 

Duration  of  test 48  hours. 

Numl>er  and  type  of  cells 6  back-to-back. 

Total  grate  surface 180  square  feet. 

System  of  forced  draught Steam  jets. 

Nature  of  refuse Ashpit,  nightsoil,  market. 

Number  of  firemen  and  average  wage  per  day 9  at  5  shillings. 

^      ,  .  ,  ^  r  1    -1  i  t  Babcock  and  Wilcox,  2,393 

Number,  size,  and  tvpe  of  boilers -  „ 

/     square  feet. 

Tons.  cwt.  qr.  lbs. 

Total  quantity  of  refuse  burned 272,432  lbs.  =  121     12     1     20 

••      per  cell  per  24  hours 22,703  lbs.  =    10      2     2    23 

"  *'  "      per   square    foot   of    grate 

per  hour 31.5. 

Tons  per  man  per  shift 6.7  tons. 

O-T  of  ljil>or  fK-r  ton  burned 8.9  peiiro. 

Total  water  evajxjrated 34S,073  lbs. 

••  *•  per  hour 7,204  lbs. 

]>('r   H(\nnrn    foot   of   heating 

surface  per  liour I}, 03  lbs, 

p'T  li>.  of  refu.s<;  from  and  at 

212 deg.  Fahr.  or  100 deg.  0.1.50  lbs. 

M«faii  -.Mill  i-rr'SHure 155  lbs.  ])er  .square  iiuli. 

•*     fe»«l  tenjiK-rature 43  drgr<'<;s  Fahrenheit. 

••     «.«  a  ^  ♦ .  { Above  2,000  deg,   Fuhr.   (be- 

main  Hue  temperature .'  '  ^ 

I      yon«l  range  of  Pyrometer). 

"    temfK-ratarc  behind  Iniiler 5:M  (legrce.s  Fahrenheit. 

Tlorsff-power  developed  at  20  llw.  steam  j>er  indicaterl 

hor«"  jKT  hour :}0:i. 

VaT\tfr^  :  ii  -teain  is  utJllzfd Electrie  li;,'liting 
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APPENDIX   II. 

CITY   OF   WESTMINSTER. 
Test  Report. 

r>ftte  of  test 2d  Dec,  1902,  to  4th  Dec,  1902. 

Dunitiou  of  test 45^  hours. 

Number  and  type  of  cells  6  back- to-back  direct  cart-fed. 

Total  grate  surface  252  square  feet. 

System  of  forced  draught Steam  jets. 

Nature  of  refuse House,  trade,  and  market. 

V-       ,         .  ^  ,  J  ( 9  stokers  at  35  shll.  per  week. 

Number  of  nremen  and  average  wage  per  day. .     -'  ,  '^ 

( 4  top  men  at  27s.  6d.  per  week. 

Number,  size,  and  type  of  boilers 1  water-tube.  1,420  sq.  ft.  H.  S. 

Tons.  cwt.  qrs.  lbs. 
Total  quantity  of  refuse  burned 138     15       1     0  =  310,828   lbs. 

*'      per  cell  per  24  hrs.   12  5  18=    27,470   lbs. 

**  "  "      per  square   feet  of 

grate  per  hour..   —  —  —   —            27.2   lbs. 

Tons  per  man  per  shift 8  3  2     5 

„^,,,  ^,  J  (11.5    pence,  exclusive    of  en- 

Co«t  of  labor  per  ton  burned .; 

(     gineman  and  foreman. 

Total  water  evaporated ^ 

"  "  per  hour 

,,         ,,               ,,                              f     *    <?  1      *•  Test    for    evaporation     aban- 

'                           per  square  foot  of  heatmg  ^ 

e               1                      )■  doned,    boiler    blowing    off 

surface  per  hour '  _    i    ._  ., 

*'         **  "  per  lb.  of  refuse  from  and 

at  212°  F.  or  100°  C... 

Percentage  of  clinker  and  ash  to  refuse  burned. .  .24.9  per  cent. 

Mean  Kt*'am  pressure 125  lbs.  per  square  inch. 

"     feed  temperature 48  degrees  Fahrenheit. 

.     _  (  Well  over  2,000  degrees  Fahr. 

' '     rnain  flue  temperature \         ,         .      .,  ,        °, 

/     softened  mud  steel. 

*     temf>eratare  l>ehind  ix)ilers 500  degrees  Fahrenheit. 

,         ,.  ,  .        .,.      ,  (Electric     liglit,     steam      jets, 

I*urp'/H«*  for  which  steam  is  utilized j     i    .  ^         . 

'  (     hoist  engines,  etc 

DISCUSSIOxV. 

Mr.  J.  JJartlry  W irLslfpf//' — I  know  Mr.  Watson  vory  well, 
and  I  may  say  that  lio  ha.s  Ixcn  cxtromely  successful  witli  ^Ir. 
IIorsfalFs  destnictor.  Destructors  are  very  difficult  things  to 
undertake,  hecau.se  the  town  refuse  varies  so  inucli  in  quality  in 
the  different  towns,  and  it  requires  a  very  great  deal  of  exper- 
ience to  hit  off  a  re.^ult  that  you  can  giuirantee.  The  original 
l)aHis  which  difTerentiated  Mr.  HorsfalFs  destructor  from  others 
was  the  UAe  of  the  steam  jet.    The  action  of  the  steam  jet  is  very 

♦  Preuident  of  the  Institution  of  Mechanical  Engineers. 


THE   BURNIXO   OF   TOWN   REFUSE.  1107 

abstruse,  but  it  has  been  roportod  upon  by  Lord  Kolvin  and  Dr. 
Barr,  and  I  will  presently  read  to  you  one  [)arafrraph — not  that  I 
wish  to  direct  your  discussion  to  that  particular  priint,  but  iM'cause 
it  was  what  started  this  company  making  destructors.  Of  course, 
experience  has  shown  that  there  are  a  huinlred  considerations 
which  are  of  quite  equal  importance  to  the  ori«rinal  idea  con- 
cerning the  utility  of  the  steam  jet,  but  still  you  must  have 
somethinc:  to  start  with,  and  ^fr.  Watson's  company  had 
this  to  start  with  and  they  worked  at  it  and  it  lead  them  into  the 
knowledge  of  all  the  other  ])oints.  The  thing  itself  I  have,  no 
<loubt,  is  of  considerable  value.  The  author  says  in  his  paper,  "  it 
may  be  stated  that  they  (that  is,  the  steam  jets)  give  a  higher  tem- 
perature and  eva])oration  than  the  dry-air  blast,  ]»rnvi<h*d  that  the 
refuse  is  rich  enough  in  carbon  to  give  the  necessary  trmjMTature 
for  the  dissociation  of  the  steam,  which  forms  water-gas  in  the 
furnace,  and  which  greatly  im])r<^ves  the  combustion. 

This  action  has  been  explained  by  Lord  Kelvin  and  Dr.  Archi- 
bald T3arr  in  the  following  words: 

"  A  more  important  function  is,  however,  fultillcd  by  the  .steam. 
In  coming  into  contact  with  the  incandescent  fu(d  it  is  decomposed, 
the  hydrogen  being  freed  wliih*  the  oxygen  combines  with  the 
carbon  in  the  fuel  to  form  carbon  monoxide.  This  decomposition 
of  the  water  is  effect-ed  by  heat  abstracted  from  the  Inwer  part  of 
the  fire,  where  it  can  be  of  comparativ(dy  small  vahie  for  the 
cremation  of  the  distillate.  The  water-gas  (hydrogen  and  carlM»n 
monoxide)  ])asses  upwards  to  be  buriie<l  by  the  excess  air  which 
it  meets  with  over  the  tire,  thus  serving  to  increase  tlie  temperature 
which  would  other\nse  exist  at  the  nuM'ting  nf  the  product.**  of  com- 
bustion with  the  gases  distillecl  from  the  raw  nuiterial." 

So  that  it  seems  the  chief  function  of  the  steam  jet  is  to  shift 
the  locality  of  the  intensest  heat  of  the  fire. 

This  paper  and  .Mr.  Kussell's  paper  were  |)repare<l  at  tlic  re<iuest 
of  the  American  Society,  and  we  from  Kngland  havi'  put  lM»foro 
you  the  best  knowledge  possessed  by  any  meml>er8  of  our  Institu- 
tion,  and    I    hope  you   will    take    the   matter  up   for  discMi.-wion. 

Mr.  Alfred  Saxon.* — Sanitary  enginet-ring  up  to  the  present 
has  had  n.»  i^articular  attractions  for  me;  in  fact  I  have  rather 
looked  upon  the  science  as  a  necessary  evil,  but  .seeing  that  the 
paper  as  presented  seemed  to  my  \u\w\  to  be  re|»re.sentativ.'  nf  the 
engineering  of  Ix>eds  and  its  di^trict,  1  thought  I  would  see 
71  ♦  Member  of  the  lostltutloo  of  Mechtnical  EnglDMri. 
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whether  no  good  thing  could  come  from  ^Eanchester,  which  I  rep- 
resent, and,  as  a  matter  of  fact,  T  believe  we  have  the  best  destruc- 
tor for  the  purpose  produced  in  the  Manchester  district. 

There  are  some  points  of  agreement  on  this  question,  notably 
in  resjH'ct  to  the  (piality  of  the  refuse.  I  find  that  the  people  who 
have  spoken  and  written  upon  this  question  agree  with  the  state- 
ment of  the  author  that  an  average  for  this  is  one-third  by  weight 
of  water,  oue-tliird  combustible  matter,  and  one-third  incom- 
bustible. On  other  pcunts,  of  course,  there  are  differences  of 
opinion.  The  claim  that  IMr.  AVatson  makes,  for  the  isolated  cell 
system  at  West  Hartlepool  works,  does  not,  as  a  matter  of  fact, 
seem  to  be  sustained,  nor  does  it  produce  results  which  will  com- 
pare with  the  continuous  grate  system  which  is  adopted  by  the 
Manchester  firm.  The  claim  also  made  by  the  author  about  the 
ease  of  repairs  in  the  isolated  cells  is  doubtful,  when  one  cell  is 
adjacent  to  another,  working  at  2,000  degrees  Fahrenheit,  is  it 
not  rather  too  nmch  to  expect  that  much  good  work  will  be  done 
in  the  cells  which  are  supposed  to  be  isolated,  but  which  must  to  a 
certain  extent  be  heated  up  by  the  cells  which  are  in  work. 

Xow,  I  should  like  to  make  a  comparison  of  the  test  which  is 
given  in  the  paper  with  one  which  was  made  by  the  N^ational  Boiler 
Insurance  Co.  at  Woolwich  on  the  Destructor  erected  by  Messrs. 
Aleldrum  Bros.,  Timperley.  At  Woolwich  on  three  grates,  75 
.square  feet,  Ooj  tons  of  refuse  were  burned  in  24  hours,  and  each 
pound  of  refuse  evaporated  1.9  of  water.  W^hereas  at  Hartlepool, 
in  the  test  given  in  the  paper,  on  180  square  feet,  they  burned 
1:^1  tons.  In  the  one  case,  at  Woolwich,  at  77  pounds;  whilst  in 
the  other  ca.se  only  '>1  j)ounds  per  s([uare  foot. 

^fr.  Edward  N.  Tramp. — While  the  papers  presented  by  our 
Knglish  friends  on  the  above  subject  are  of  great  interest  as  show- 
ing engineering  skill  in  handling  a  difficult  problem,  from  the 
p<jint  of  view  of  the  chemical  engineer  the  very  name  ^'  destruc- 
U>r  *'  suggests  a  process  which  should  only  be  a  last  resort  in  the 
utilization  of  our  wastes. 

The  remains  of  the  beefsteak  for  which  you  ])aid  two  dollars 
a  pound,  and  failed  to  eat  ]>ecause  of  a  bad  ajipetite ;  t\w,  butter  left 
on  your  plate;  and  trimmings  from  the  raw  materials;  which  from 
Hur-h  a  large  percentage  of  the  food  which  is  finally  consumed,  all 
'  ::t;iin  vahiable  ingredients  which  should  be  utilized  not  destroyed, 
work  in  the  Tnited  States  has  ])een  more  in  the  dirc^ction 
of  the  ''  re<luction  **  of  ''  garbage  "  or  kitchen  waste,  to  its  useful 


THE    BDHNIXG   OF    TOWN'    REFUSE.  I  ]<>:» 

constituents  rather  than  its  destructi(»n.  The  fermentation  whieh 
so  quickly  starts  up  in  these  waste,  producing  a  crop  of  genns  verv 
dangerous  to  the  health  of  the  coinmnnity  may  be  stopped,  and 
the  waste  thoroughly  sterilize^l  by  boiling  under  high  pressure, 
and  the  valuable  greases  and  lif[uids  saved  and  utilized. 

J'irst,  The  waste  must  be  gathered  as  frequently  as  possible  to 
reduce  the  fermentation  to  a  minimum.  Second,  It  must  be  col- 
lected in  covered  carts  or  wagons,  kept  as  air-tight  as  possible  to 
})revent  offensive  odors  escaping  along  the  streets.  Third,  A 
number  of  large  steel  tanks  or  digestors  of  a  strength  sufficient  to 
allow  an  internal  steam  pressure  of  one  hundriMl  pounds  per 
square  inch  receive  the  garbage,  forming  an  excellent  storage  for 
a  fluctating  delivery,  and  it  is  thoroughly  cooked  \nth  direct  st<\im 
until  all  of  the  dangerous  germs  are  killed,  the  greases  extracted! 
and  the  whole  thoroughly  digested.  Fourth,  The  prodncts  of  this 
digestion  are  now  utilized  as  follows:  The  contents  of  the  digt»s- 
tors  are  emptied  out  in  continuous  filter,  which  separates  the  fibre 
from  the  li(jui(l,  ]u-essing  out  as  much  of  the  latter  as  possible. 
The  fibre  is  dried  and  may  be  burned  in  a  spe<'ial  producer  or 
furnace,  with  the  production  of  large  quantities  of  useful  gas  and 
of  ammonia.  The  liquids  are  evaporated  to  get  rid  of  the  suqdus 
water  after  the  valuable  greases  are  allowed  to  separate,  and  tht» 
resulting  sirupy  licpiid  mixed  with  the  ashes  from  the  fibre  form 
valuable  fertilizing.  The  greases  are  refined  and  often  utilized 
in  tlu'  production  of  toilets  soaps.  ^lany  of  the  best  known  soap 
makers  are  using  these  greases  from  the  reduction  works. 

Several  kinds  of  machinery  are  already  in  use  in  this  country 
to  produce  the  above  results.  It  only  needs  engineering  skill 
to  produce  valuable  products  from  the  waste,  and  there  is  mor* 
than  sufficient  carbon  in  the  drie(l  fibn-  t.»  mnkr  the  lieat  and 
steam  needed  to  oj)erate  the  ]>lant. 

It  would,  therefore,  appear  that  the  reduction  of  wa5te  rather 
than  its  destruction  is  the  economical  process  to  develop,  and  in- 
cineration should  only  be  resorted  to  for  those  dry  wastes  \v\urh 
may  be  readily  utilized  as  fuel,  and  which  ^nll  stand  storage  with- 
out fermentation. 

}fr.  (Iron/r  U\//.s-o/// — The  author  thanks  the  president  f..r  his 
very  kin<l  remarks.  It  is  quite  cornn-t  that  Mr.  Ilorsfall  started 
his  destructor  !)usiness  with  tiie  steam  jet  for  forcing  the  draught. 
The  steam  jet,  as  pi.inted  otit  somewhat  brielly  in  the  pa|MT,  has 

♦  Author's  closure,  under  the  KuIm. 
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several  advantages,  ainoiiii'  which  it  may  ho  again  mentioned,  that 
it  protects  the  grate  bars  and  other  iron  parts  of  the  furnace  from 
l>ecoming  red  hot,  whik^  at  the  same  time  in  many  cases  it  in- 
creases the  temperature  for  the  combustion  of  the  refuse.  But  it 
shouhl  not  be  supposed  that  the  "  Ilorsfall  '^  system  necessarily  in- 
volves the  use  of  steam  jets. 

In  many  eases  it  is  found  preferable  to  use  fans,  and  care  should 
always  be  taken  to  consider  the  exact  conditions  to  be  met  in 
making  the  selection. 

In  a  recent  instance  (at  Guernsey)  both  steam  jets  and  a  fan 
have  been  provided  in  a  '^  Ilorsfall  "  destructor. 

This  arrangement  can  now  be  made  with  little  increase  of 
cost  over  the  fan  system,  and  it  is  one  which  offers  obvious  advan- 
tages. 

The  remarks  of  ^fr.  A.  Saxon  serve  to  illustrate  the  difficulty  in 
which  the  author  was  jdaced  in  preparing  his  paper,  and  which  he 
endeavored  to  meet  by  confining  his  remarks  strictly  to  his  own 
experience.  He  also  tried  to  avoid  preferences  as  far  as  possible, 
and  in  indicating  the  advantages  of  the  '"'  Cellular "  type  of 
destructor,  he  expressed  his  own  opinion,  wdiile  endeavoring  to 
avoid  undue  bias.  Moreover,  this  is  just  one  of  the  points  con- 
stantly debated  upon  which  the  author  considered  himself  free  to 
speak  his  mind,  for  the  reason  that  the  ''  Cellular  "  system  is  no 
monopoly  of  any  one  firm,  but  is  free  to  be  adopted  by  all,  as  Mr. 
Saxon  well  knows.  The  autlior  is  not  aware  which  of  the  claims 
jmt  forward  for  the  West  IIartl(*|)(K)l  Works  is  the  one  which  ^Ir. 
Saxon  considers  is  not  sustained.  lie  can  only  say  that  he  is  quite 
unaware  of  any  inaccuracy  in  his  statement,  lie  must  also  say 
that  in  his  opinion  the;  results  ol)tain('(l  at  Wcsl  Hartlepool  arc 
comparable  to  those  obtained  on  cither  of  tli(^  ''Continuous- 
Grate  "  systems  at  present  on  the  inaiket,  and  \w,  leaves  members 
to  mako  their  own  comparison;  having  regard  to  steam  raising;  not 
only  on  trial,  but  in  everv-day  working;  \()  cost  of  labor  j)er  ton 
burned;  to  durability;  and  to  ease  of  r(  pnii-.  As  to  the  exjx'ctation 
of  being  able  to  rei>air  r>ne  cell  while  the  others  jii-e  at  work  whicdi 
-Nfr.  Saxon  thinks  unwarranted,  the  antlioi-  e;in  only  say  that 
under  his  own  sujM'rvision  sneh  repairs  are  frequently  mado 
without  difficulty. 

While  congratulating  .Mr.  Saxon  on  tlu;  results  obtained  under 

♦'•'*  at  Woolwich,  the  author  may   be  allowed  to  say  that  there 

.  diffienltv  in  burning  a  large  amout  of  refnse  per  square  foot 
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of  grate  per  hour,  oitlier  in  the  *'  Continuous-Grate  "  de^itructor, 
or  in  the  **  Celhilar  "  destructor. 

It  is  a  question  simply  of  strengtli  of  blast,  ami  of  fr(M|uoncy 
of  raking  over  and  of  clinkering.  In  other  wonls,  the  main  eon- 
sideration  is  that  of  the  lahor  involved  in  the  r>peration.  It  is  tlie 
author's  experience  that  much  k^s  lahor  is  involved  in  hurning 
at  a  rate  of  30  p<»nnds  per  scpiare  foot  of  grate  per  hour  than  at 
To,  while  the  clinker  jtroduced  is  harder,  and  tin*  ]>rocess  is  more 
complete,  clinkering  everv  two  hours,  than  when  dinkering  at 
more  frequent  intervals. 

In  regard  to  the  remarks  of  Mr.  Trum|>,  the  author  supposes  it. 
is  more  attractive  to  ("vervlxxly  to  utilize  than  to  «lestrov.  Hut 
the  engineer  must  divest  himself  of  sentiment  and  r<'dn«-«-  the  ques- 
tion of  reduction  versus  destruction  to  figures. 

The  impression  gained  in  England  as  to  the  svsteni  of  reduc- 
tion prevailing  in  the  Tnited  States  is  that,  gtiueralK  speaking, 
TJiey  do  not  pay,  or  at  lea-t  that  they  will  not  continue  to  pay, 
and  further  it  is  i)ractically  impossible  to  conduct  the  pnx»ess 
without  creating  a  nuisance. 

Such  plants  are  often  the  .-uhject  of  legal  injunction,  and  where 
they  escape  the  reason  seems  to  he  that  they  are  placed  at  a  con- 
siderable distance  from  dwellings. 

In  making  these  somewhat  sweeping  statements  the  author  is 
])ainfnlly  conscious  of  lii<  lack  of  experience,  but  ho  U  merely 
reflecting  the  general  <tpinioii  which  i-  held  in  Kurope,  which  nuiy 
be  far  from  correct. 

He  does  not  understand  how  the  digoter^  can  form  an  equaliz- 
ing storage  for  a  fluetuatiuir  d<diverv,  unless  thev  can  U*  <lis- 
charge<l  while  tinder  pressure,  which  he  believes  is  not  the  caso. 
Otherwise  they  nin>t  Ik-  c<»mpletely  charged  ami  tlien  seah'd  up  till 
the  process  is  conq)lete,  and  in  the  meantime  the  refuse  con- 
tinually arriving  mu-t  l»e  otherwise  storetl.  Tin*  author's  own 
ludief  is  that  refuse,  even  in  the  I'nitcMl  States,  is  constantly 
getting  less  valuable  for  any  purpo-e.  even  for  steam  raising,  as 
sanitarv  science  progre>><'-.  and  that  if  tmi'duilf  of  the  >kill  em- 
ployed t(»  utilize  the  grca-e  from  the  refuse  were  applied  tt)  tho 
utilization  of  tiie  clinker  from  the  destructor,  better  results  all 
ronnd  conld  l»e  obtained  from  a  centrally  situated  plant  without 
nuisance,  and  with  a  large  saving  in  cartage  to  put  to  the  credit 
of  the  destructor. 


ROBERT   HENRY  TIIURSTOX. 


ROBERT    HKXUY    THURSTON.  1113 


No.  IOt». 

ROBERT  HENRY    THIHSTOX. 
IX   MEMORIAM. 

For  the  fifth  time  in  the  history  of  the  Society  it  is  called  on 
to  record  the  death  of  an  en<2:ineer  who  has  hcM  its  Presidential 
office.  The  present  occasion  rcHccts  particular  interest  from  the 
fact  that  Professor  Thurston  was  the  Hi*st  President  of  the  So- 
ciety, and  was  called  to  office  on  its  organization,  serving  for  two 
years.  The  other  presidents  who  have  preceded  him  in  the  n«'ero- 
logical  list  are  Messrs.  George  11.  Babcock,  K.  P.  Vo\c^  K.  F.  ('. 
Davis,  and  J.  F.  llolloway. 

Dr.  Thurston  was  born  in  Providence,  October  -.'>,  1  >.'>*.».  It 
adds  a  distinct  note  of  the  unusual  in  his  death  that  it  should 
have  occurred  on  the  evening  of  his  sixtv-fourth  birthdav,  on 
October  25,  1903.  He  was  preparing  to  greet  a  grouj)  of  fri<'nds 
convened  to  celebrate  the  day,  when  su<ldenly,  and  so  far  as 
known  painlessly,  he  was  seized  with  an  attark  of  the  heart  and 
passed  away,  witlnmt  regaining  consciousness,  within  a  very  short 
time. 

Professor  Thurston's  acti\ities  naturali_\  gi"iij»  im  iM-tl\i>  un- 
<ler  three  departments,  lie  was  eminent  as  an  t-ngineer  and  prac- 
titioner, as  an  educator  an<l  investigator,  an<l  as  an  author.  lie 
iidierited  his  mechanical  talents  and  instinct.s  by  direct  descent. 
His  father  was  Robert  Lawton  Thurston,  who  was  lK»rn  at  Ports- 
mouth, K.  1.,  in  1.^00,  an«l  died  at  Provi(h-nce,  K.  F.,  in  1S73. 
EolK^rt  L.  Thurston,  as  partner  with  .lohn  Halx-cx-k  in  l^.'U, 
formed  the  Providence  Steam  Kngine  Company,  the  first  steam 
engine  building  establishment  in  New  Kngland,  there  Mng  ....Iv 
two  others  bearing  «'arlier  .late  in  the  Fnited  States.  In  1- 
bv  the  withdrawal  of  Air.  HalMTK-k,  it  Invame  Koln-rt  L.  Thurston 
i  C\Mnpanv,  an.l  in  1^45,  by  other  changes,  the  firm  iK-came 
Thurston.  (Ireene  .t  Company.  The  large  machine  shop  (.f  the 
old  firm  still  remains,  fonning  part  of  the  works  now  iKvupicd, 
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ill  1JH)4,  by  the  Rico  viv:  Sargent  Coiiii)aiiy,  buildinG;  steam  engines. 
The  tirm  of  Thurston,  Greene  &  Company,  bought  from  Sickles 
the  patent  covering  the  principle  of  lifting  the  spindle  of  a  steam 
engine  valve  by  a  mechanical  means,  and  then  releasing  or  trip- 
ping the  catch  which  lifted  the  valve,  so  that  it  closed  quickly  by 
either  gravity  or  a  spring. 

This  tirm  seems  to  have  been  the  first  manufacturers  which 
built  a  standard  form  of  engine  working  with  the  principle  of 
expansion.  Thurston,  Greene  &  Company  were  succeeded  by 
Thurston,  Gardner  &  Co.,  Avho  were  the  plaintiffs  in  the  suit 
with  ^Ir.  George  11.  Corliss  for  an  infringement  of  the  Sickles 
patent,  and  after  several  decisions  favorable  to  the  plaintiif  these 
were  reversed,  on  a  final  appeal  based  on  the  contention  that  a 
valve  s|)indle  was  not  necessarily  the  same  thing  as  a  valve  stem. 
It  was  (hiring  this  period  of  litigation  that  Mr.  Greene  invented 
the  type  of  release  gear,  which  has  since  been  known  by  his  name. 

Robert  H.  Thurston,  who  was  the  oldest  son  of  Robert  L.,  in- 
herited liis  mechanical  instinct,  and  during  his  childhood  and 
youth  spent  much  time  in  his  father's  shop.  He  graduated  from 
Brown  Fniversity,  in  Providence,  in  1859,  with  the  degree  of 
Ph.B.  and  C.E.  Ten  years  later  he  received  the  degree  of  A.M., 
and  in  1899  the  degree  of  LL.l).,  when  his  fame  was  won.  For 
two  years  after  graduation,  or  until  the  breaking  out  of  the  Civil 
War  of  1861,  he  was  engaged  with  the  firm  of  which  his  father 
was  the  senior  partner. 

On  the  breaking  out  of  the  war,  his  tastes  led  him  to  ent(n' 
the  p]ngineer  Corj)s  of  the  United  States  Xavy,  and  h(^  served  at 
the  front,  under  Dupont  and  Dahlgren,  until  the  close  of  hostili- 
tie»8.  When  second  assistant  he  was  put  in  charge  of  the  "  Clii})- 
pewa,"  as  Chief  Engineer  in  ISO:^;  was  made  1st- Assistant,  in 
lSfi4,  and  transferred  to  tlie  iron-clad  ''  Dictator.''  lie  was  pres- 
ent at  the  battle  of  Port  Royal  and  at  tlie  siege  of  Charleston. 
At  the  close  of  the  war  in  lSi(;r>,  lie  was  detailed  to  the  United 
States  Naval  Academy  at  Annapolis  for  duty  in  tlic  department, 
which  was  then  called  the  Department  of  Natural  and  Experi- 
mental Philosoplij. 

On  tlie  death  of  the  professor  at  the  head  of  the  dej)artment, 
Dr.  A.  W.  Smith,  he  was  placed  in  charge  under  Admiral  David 
D.  Porter,  wlio  was  Superintendent  of  tlie  Academy  at  that  time. 
He  was  made  chief  engineer  in  ISfU;,  ;in<l  feinaiiH'l  iw  (liis  rchition 
until,  in  1870,  he  was  called  by  President  Henry  Morton  to  the 


ROBERT    HENRY    THURSTON.  *  1115 

Cliair  of  Mechanical  Engineeriii<j:  then  crcatcfl  for  the  first  finic 
in  the  Stevens  Institute  of  Technology-  of  ]l«4)okcn,  N.  .1.  From 
this  time  on,  while  also  pursuing  professional  work.  Dr.  Thurston 
became  principally  an  educator  and  investigator.  1 1  is  professional 
work  after  accepting  this  position  included  his  service  as  a  mem- 
ber of  the  International  Bureau  of  the  Vienna  Exposition  in  IS 73, 
which  was  made  the  opportunity  of  extensive  visits  to  metallur- 
gical establishments  in  England,  Belgium,  and  France.  His  ser- 
vice on  the  Bureau  resulted  in  the  securing  of  some  valuable 
American  awards  to  engine  builders  and  exhibitors  of  machine 
tools.  He  served  on  a  board  ajipointed  by  the  federal  govern- 
ment to  investigate  the  underlying  causes  of  boiler  explosions  and 
w^as  the  reporter  for  this  board.  What  are  known  as  the  Sandy 
Hook  tests  of  that  testing  board  were  largcdy  planned  by  I*n>- 
fessor  Thurston.  Shortly  thereafter  (ISTT))  he  became  a  member 
of  the  United  States  Testing  Board  associated  with  Messrs.  Ilolley, 
Sooy-Smith,  Laidley,  David  Smith,  an<l  Beardslee.  He  was 
Secretary  of  this  Board,  and  its  leader,  preparing  <letails,  writing 
official  papers  and  carrving  the  laboring  end  nf  the  work.  I' 
was  a  great  disappointment  to  him  when  the  Board's  lif(»  expired 
by  limitation   and  it  was  thought  inexpedient  to  continue  it. 

It  was  in  connection  with  this  work  that  Professor  Thurston'^ 
attention  was  turned  to  the  investigation  of  alloys  with  which  his 
name  is  identified.  During  all  the  rest  of  his  lif*-  he  also  main- 
tained an  active  relation  to  practice  as  a  Consulting  EngiTj<-er  and 
expert,  althongh  both  of  these  functions  were  (lwarfe<l  by  his  work 
as  an  educator  and  author. 

When  Mr.  Edwin  A.  Stevens  madr  his  original  lK'<|uest  of 
$600,000  to  endow  an  institution  of  learning  under  tnisteos,  it 
was  decided  that  this  institution  of  learning  shouM  1m'  an  insti- 
tute of  technology.  By  the  advice  of  President  Henry  Morton, 
who  was  summoned  to  be  the  first  president  of  that  institution,  it 
was  further  decided  to  specialize  in  the  direction  <»f  Mrchanical 
P^ngineering.  It  was  to  the  genius  and  wis<iom  of  Profi's^ir 
Thurston  that  the  technical  education  of  this  conntry  and  in  the 
world  owes  its  debt  for  recognizing  the  imi>ortan<M'  of  the  lalnini- 
torv  of  engineering  as  a  |»rime  factor  in  the  success  of  tin*  educa- 
tion of  the  mechanical  type  of  technical  ujan.  It  is  ditlicnlt  for 
him  who  looks  back  on  thirty  years  of  succossfnl  development 
along  this  line  to  appreciate  the  magnitiide  of  the  problem  Ix-fon* 
Professor  Thurston  who  had  the  conception  and  tlevelopmenl  .»f 
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the  laboratory  on  his  hands  without  the  guiding  uf  any  experience 
whatever.  Tlie  conditions  in  Europe  were  not  useful  for  the  pur- 
[>ose  in  hanil;  the  atmosphere  of  the  employer  of  technical  men  ^ 
was  unfavorable  to  a  college  training  of  young  engine(n's  and  the 
linancial  problem  of  equipping  a  laboratory,  which  is  great  at 
any  time,  was  made  nearly  impossible  to  the  man  who  had  the 
beginnings  to  make  when  standards  of  all  sorts  were  very  differ- 
ent from  what  they  are  at  the  present  time,  Avhen  there  were  fewer 
wealthy  manufacturers  and  no  group  of  successful  technical  men 
to  constitute  an  argument  in  discussion.  It  was  easier  for  Pro- 
fessor Thurston  to  begin  the  mechanical  laboratory  at  the  point 
of  testing  materials  so  that  his  earlier  reputation  was  founded 
upon  his  sjK'cial  achievement  in  this  line.  lie  devised  i\\v  Thurs- 
tnu  aut(»graj>hic  testing  machine  and  the  installation  of  a  Iwiehle 
machine  in  the  institute  laboratories  antedates  by  a  few  months 
the  construction  of  the  first  Fairbanks  testing  machine  in  the 
laboratories  oi  Columbia  University.  From  that  time  on,  the 
laboratory  concei)tion  of  the  Stevens  Institute  grew  steadily  in 
importance  and  meaning,  and  by  the  interest  of  friends  and  well- 
wishers,  the  e(pH])ment  in  machine  tools  kept  pace  with  the  de- 
velopments of  its  reputation  in  other  directions. 

He  remained  at  Stevens  Institute  until  1885.  These  were 
years  of  intense  activity  in  his  work  as  author  and  investigator, 
as  well  as  teacher  and  expert.  In  1S73  he  ^vas  United  States 
Commisioner  for  the  World's  Fair  at  Vienna,  and  his  report  and 
letters  are  full  of  revelations  of  his  assiduity  and  acumen.  Pro- 
fe.ssor  Thurston  secured  as  one  of  the  conse(|uences  of  his  labor 
a  lilxTal  proportion  of  the  awards  for  Aniei'ican  (wliibitors.  Jn 
l^T.')  the  special  work  on  alloys  with  which  Pi-ofessor  Thurston's 
name  i.s  identified,  was  in  progress,  and  tlie  results  nvv  to  be  found 
in  the  re[)ort8  of  the  United  States  Board  for  the  year  1878.  In 
1876  liin  health  failed  seriously  from  mcj-nous  exhaustion,  and, 
although  in  1.^7s  he  resumed  his  work  with  partially  restored 
health,  it  wa.s  not  until  OctoV)er  of  1880  thnt  he  resumed  his  work 
at  the  InHtitnte  completely  cured. 

It  wa.s  during  these  years  from  ISSO  to  1SS2  that  Ik;  served 
the  S^x'iety  of  Mechanieal  Fngineers  as  its  first  President,  and  in 
co-operation  with  TTolhy,  Worfhington,  Sweet  niid  others,  under- 
went the  Hevere  and  exaeting  duties  >>(  |»i('-idiiig  o\«r  the  cmi-Iv 
work  of  organization  and  starting  of  th<'  iiif;iiil  .s(»cicfy.  lie  pre- 
sided at  it«  first  meeting  in  Xovendxr,  1S80,  and  took  upon  him- 
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self  the  preparation  of  presidential  addresses,  both  for  that  meet- 
ing and  for  the  subsequent  one  on  his  re-election  to  a  second  term. 

He  always  remained  in  most  earnest  and  enthusiastic  relations 
of  service  to  the  Society,  as  a  past-president,  attending  its  Council 
meetings  when  possible,  and  always  participatin«r  in  the  discus- 
sions. 

Stevens  Institute  conferred  on  him  the  degree  of  Doctor  of 
Engineering,  on  the  severance  of  his  relations  in  June,  iss.'),  to 
take  the  work  of  Director  of  Siblev  College  of  Mechanical  Arts 
at  Cornell  University  in  Ithaca.  For  eighteen  years,  fmm  1SS5 
to  1003,  Dr.  Tliurston's  great  work  was  the  building  up  of  Sibley 
College. 

'J'lic  number  of  students  at  the  beginning  was  comparatividy  in- 
significant but  had  become  in  the  neigliborliood  of  tK)0  under  his 
enthusiastic  and  wise  leadership.  The  courses  grew  to  include 
both  post-graduate  and  special  work,  and  the  equipment  from  a 
valuation  of  about  $100,000  to  over  half  a  million  in  buildings 
and  contents.  In  addition  to  this  lie  was  much  sought  as  a  con- 
tributor to  the  engineering  organizations  of  which  he  was  a  mem- 
ber and  for  service  on  important  t^'chnical  commi.ssions.  The 
following  is  a  somewhat  incomj)lete  list  of  tin-  •<«'rvi»'i«>  whii-h  he 
rendered  in  this  direction : 

At  Stevens  Institute  and  at  Cornell;  the  United  States  Testing 
Board,  consisting  of  Messrs.  A.  L.  Ii«»ll(v,  William  Sooy -Smith, 
Colonel  T.  S.  Laidley,  V.  S.  A.;  Chief  Engineer  David  Smith, 
and  Comman<l('r  L.  A.  lieardslee;  the  I'nited  States  Hoih-r  Te.si 
Commission.  On  both  of  these  he  serve<l  as  Secretary  and  to  a 
notable  extent  the  leader.  lie  was  a  memlM'r  of  the  New  .Ier>ey 
State  Committee  to  report  a  j>lan  for  eneouragemeiit  of  nninu- 
facturers  of  ornanu'ntal  and  textile  fabrics,  a  niomtM>r  of  the 
Ignited  States  CV)mmission  of  safe  and  vault  constniction  for  the 
United  States  Treasury,  of  the  New  York  State  C<»mmissionrt  to 
report  on  a  mo<lern  ritle  for  the  Xatiomil  (luard,  and  also  to 
examine  and  authorize  voting  machines. 

He  was  \'i('e-President  of  the  American  Institu;.  ...  Mining 
Kngineers  in  1S7S,  Vice-President  of  the  American  Association 
for  the  Advancement  of  Science  at  Nashville,  in  1877,  in  thf 
absence  of  Professor  Pickering,  elected  at  the  preceding  meeting, 
was  regularly  elected  to  serve  in  1H78  at  the  St,  I>iui«  meeting 
of  the  As.sociation,  and  in  I^^l.  af  Philadelphia,  in  which  year 
he  was  honorary  vice-president  of  the  iiriliah  Association  for  tlio 
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Advanceinent  of  Science.  He  was  the  fii'st  President  of  the  Amer- 
ican Society  of  ^feclianical  Engineers,  1880.  He  was  member  of 
the  International  Juries  of  Vienna,  1873,  Paris,  1889,  and  Chi- 
cago, 1893.  On  the  occasion  of  th(^  visit  of  the  American  En- 
gineers to  Euro}>e  in  1889,  he  made  the  address  in  response  to  the 
adilress  of  welcome  bv  the  President  of  the  British  Institution  of 
Civil  Engineers  in  London,  and  Avas  one  of  the  speakers  at  the 
luuKpiet  of  the  British  Institution  of  Mechanical  Engineers  held 
in  Paris  in  July,  1889.  He  was  officer  de  I'lnstruction  publique 
de  France,  an  editor  (for  engineering)  of  Science,  of  Johnson's 
Cyelopivdia  and  Century  Dictionary. 

He  was  connected  with  the  following  and  other  societies : 
American  Association  for  the  Advancement  of  Science;  American 
Institute  of  Xew  York;  American  Society  of  Civil  Engineers; 
American  Society  of  Mechanical  Engineers;  American  Institute 
of  Mining  Kngineers;  Army  and  Navy  Club;  British  Institution 
of  Xaval  Architects;  Royal  Institution  of  Great  Britain;  British 
Association  for  tlie  Advancement  of  Science;  Sigina  Xi ;  Engin- 
eers' Club;  Franklin  Institute  of  Pennsylvania;  International 
AssfK'iation  for  Advancement  of  Science,  Art  and  Education;  In- 
ternati*>nal  Association  for  Testing  Materials  of  Engineering; 
Institution  of  Engineers  and  Shi])builders  of  Scotland;  Kongl. 
Svenska  Vetenskap-Acadcmien;  Xaval  Order  IJ.  S. ;  Xat.  Gco- 
grapliical  Society;  American  Meteorological  Society;  American 
Historical  Society;  Xew  York  Academy  of  Science;  Oesterreich- 
is^'hc  Ingenieur  mid  Architekten  Verein  ;  Order  Loyal  Legion  of 
1  .  S.;  Societe  <\('>  I  ngeniciirs  ('i\il<  de  Friiiice;  Society  of  Amer- 
ican Wars;  Sm-iete  d'Kncouragcment,  etc.,  of  France;  Societe 
IndustricHe  de  MulliOuse ;  \\  S.  Xnvid  Institute;  Verein  Deutscher 
Ingenieure;    Washington    Academy  of   Sciences. 

The  list  of  hi-s  publications  are:  Report  of  the  Universal  Exj)o- 
sition  at  Vienna  (1873);  History  of  tlie  Steam  Kngine  (1878); 
Report  on  Alloys  (1S78);  Materials  of  Kngineei-ing  (first  volume, 
1882;  second  volume,  188:5;  third  volume,  1H84);  Stationary 
Steam  Engines  (1883);  Development  of  the  Philosophy  of  the 
Steam  Engine  (]^H4);  Treatise  on  Friction  and  Lost  Work  in 
Machinerv  and  Mill  Wr)rk  (1885);  Steam  lioiler  Kxplosions  in 
T»er,r\-  and  Practice  (1S77);  Manual  of  Steam  lioiler  Design 
;  ;   Hand-book  of  Kngine  and   I>oiler  Trials  (181)0);  Heat  as 

a  Form  of  Energy  (18IK));  Reflections  r.n  the  Motives  ]V)\ver  of 
Heat  (1800);  Life  of  Robert  Fulton  (181)1  j;  Manual  of  the  Steam 
Engine  (1801). 
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Professor  Thurston  took  groat  interest  in  the  achievement  and 
development  of  the  steam  turbine,  but  particular  attention  was 
paid  to  the  Parsons-Curtis  form. 

He  was  a  member  of  the  .Municipal  Council  of  the  city  of 
Ithaca  and  took  part  in  the  discussions  as  to  the  practical  a<lvisa- 
bility  of  the  introduction  of  a  voting:  machine  to  contribute  both 
to  ease  and  rapidity  of  the  votin^^  i)ro(MMhir('  an<I  to  th«-  exactness 
of  the  count.  Some  of  his  conuuents  will  be  f.iin.l  in  a  pap«-r 
before  the  Society, 

The  debt  which  American  ^fechanical  Engineering  and  the 
work  of  the  technical  school  of  this  country  owes  t..  I  )r.  Thurston 
Avill  i)robably  never  be  a<lc(piately  recorded.  Thi*  results  of 
])ioneer  work  are  often  only  the  ])arts  which  are  in  evidence, 
the  stej)s  which  have  led  to  the  result  l)ein«r  obliterated  or  under- 
recorded. 

Furthennons  the  ditiiculty  of  the  later  ste|>s  is  much  h*ss  than 
that  of  the  earlier  ])rocess,  and  the  results  which  cost  .-^o  much  to 
attain  by  the  earlier  process  are  frecpiently  swept  away  by  the 
improvements  of  the  later  day.  Professor  Thurston  leaves  be- 
hind him  as  his  most  striking  monument  his  work  as  an  author, 
his  work  in  building  u])  Sibley  College  an<l  the  admiring  memory 
in  the  hearts  of  his  students  and  professional  ass«K'iates. 

Professor  Thurston's  contributions  to  the  Transactions  of  this 
Society  are  as  follows: 

"  On  the  Katio  of  Kxpansion  at  Maximum  KtH<'iency  ";  "Note 
Relating  to  the  Proper  Method  of  Kxpansion  of  Steam  an«l  Regu- 
lation of  the  Engine";  "Our  Progress  in  Mechanical  Enginivr- 
ing";  "On  the  Several  Etlicicncies  of  the  Steam  Engine,  and  on 
the  Conditions  of  MaxiiiiiMni  Econmny '*;  '* '{'he  .Mechanical  En- 
gineer, His  Work  an«l  Hi-  Policy";  **  On  a  Newly  Discovere*! 
Variation  in  the  Etf(»ct  of  Prolonged  Stress  on  Iron  ";  *'  Xote 
R(dating  to  Waicr  Hammer  in  Steam  Pii>e3  ";  **  Pressures  Ob- 
tainable by  the  I'se  of  the  Drop  Press*';  **  A  New  Theory  of 
the  Turbine  *';  "  The(>ry  of  tiie  Sli«ling  Friction  of  Rotation"; 
"Steam  Boilers  as  Magazines  of  Explosive  Energy";  "On  the 
Theorv  of  the  Finance  of  Eubri<'ation  ami  on  the  Valuation  of 
Lubricants  by  Consumers";  "On  the  Eriction  of  Xon-<-ontlen»- 
ing  Engines";  "A  Note  on  Hidical  Seams  in  Roiler  Making"; 
"  The  Systenuitic  Testing  of  Turliine  \Vat<T  WheeU  in  tlie  FnitiHl 
States  ";  *'  Internal  Eriction  on  Non-condensing  Engines  ";  "  Pro- 
portioning  Steam   Cylinders";    ** Large,   and    Enlartjeii    Pholo. 
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:;rai>hs  ami  Bhio-])rints '';  '*  On  the  Distribution  of  Internal  Fric- 
tion of  Engines";  "On  Variable  Load,  Internal  Friction,  and 
Engine  S]>eed  and  Work";  "Philosophy  of  the  IMulti-cylinder 
or  Compound  Engine:  Its  Theory  and  Its  Limitations";  '' Ilirn 
and  Dwelshanver's  Theorv  of  the  Steam  Engine;  Experimental 
and  Analytical'-;  '' Chimney  Draft,  Facts  and  Theories'^;  '^Au- 
thorities on  the  Steam  Jacket,  Facts  and  Current  Opinion"; 
*•  Steam  Engine  Ethciencies:  the  Ideal  Engine  Compared  with 
the  Ki'al  Engine  ";  "  Technical  Education  in  the  United  States  "; 
"On  the  Maximum  Contemporary  Economy  of  High  Pressure 
Mnltiple-<'xpansion  Steam  Engines";  ''  The  Theory  of  the  Steam 
.Lieket,  Current  Practice";  "Superheated  Steam,  Facts,  Data 
and  l^rinciple  ";  "  The  Promise  and  Potency  of  High-pressure 
Steam";  "  ^lultiple  Cylinder  Steam  Engines,  Effects  of  Varia- 
tion of  Pr(»j)ortions  and  Variable  Load";  '' (iraphic  Diagrams 
and  (ily])tic  ^lodels";  ''Steam  Engine  at  the  End  of  the  Nine- 
teenth Century";  Reheaters  in  Multiple  Cylinder  Engines"; 
"  Steam  Turbine." 
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memorial   notices   of   members  deceased 
dcrim;   the   year. 

JEHEMIAII     .M.    ALLKN. 

On  Doc'OiiiIkt  l>1I,  1!M>:{,  Mr.  Jrivmiali  M.  All.n,  wi-ldy  known 
tlirouiiliout  tlic  rnitcil  Stnti^s  as  President  i\i  the  lljirtfnnl  Steam 
Boiler  InsjK'etion  aii<l  Insnranee  Company,  died  at  ins  Imnie  in 
Hartford,  Conn.  Mr.  Allen  was  horn  on  May  18,  1833,  in  Kntield, 
Conn. 

Hartford  will  ever  reniember  liiiii  as  the  first  Prosidont  of  its 
Board  of  Trade,  organized  in  isss,  and  also  fnr  the  work  which 
he  did  while  a  member  and  President  of  the  Board  of  Tnistoes 
of  the  Hartford  Thecdonieal  Seminary.  He  was  (h'reetly  or  in- 
directly eonneete<l  with  nearly  every  financial  or  indn^trial  insti- 
tntion  in  Ilartfonl.  Mr.  .\llen  was  a  memlKT  of  many  scientific 
societies,  among  them  The  .Vmerican  S«KMety  of  Xaval  KngiiH*ers, 
The  Amei'ican  Association  t"oi-  thr  .\d\  aiicement  of  S<'i<Micc,  'I'lie 
American  lIistori<*al  Society,  riie  ( '<»imeef i<-nt  Historical  S«H'iety, 
and  this  Society,  of  which  he  hecame  a  mendn'r  in  Antrust,  18S1. 

riie  life  work  of  .Mr.  .\llen  may  l»e  said  to  have  heen  «riven  to 
the  company  of  whi(di  he  was  head,  he  having  h<dd  the  presidency 
since  l.Sf)7.  Kv<Mi  hefore  tluit  time  he  was  greatly  interested  in 
insnranee  matters.  He  Inid  for  a  nmnher  of  years  lioon  a  loc- 
tnrer  on  insnranee  topics  at  Sihlev  College  of  Cornell  rniversity 
and  at  the  Worcester  Polytechnic  Institnte.  He  also  founded  the 
nnigazine  called  "  '\\\v  Locomotive." 

JAroH  NKFK  BAKU. 
Mr.  Jacol)  Xetf  Barr  wa^  horn  in  Lnicaster  County,  Pennsyl- 
vania, dnly  \K  1848.  During  his  IwiyhoiMl  he  livo<l  on  a  farm 
and  attended  pnhlic  school  iintil  the  age  of  sixtiM'n,  when  In*  liegan 
teaching  and  studying  at  the  same  time  to  fit  liim.«u»lf  for  college. 
After  teaching  for  some  time  ln'  attendi'd  the  .Millersville.  Pa.. 
State    Normal   School,   from   which   he   wan  graduated   in    lM5l». 
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having  j)ursued  both  the  scieiitiHe  aiul  normal  courses  there,  lie 
then  entered  Leliigh  University,  and  was  i»rachiated  as  a  Mechaii- 
ieal  Enpneer  in  the  earlv  'TOs.  After  leaviuii'  Lcdiigh  he  entered 
the  serviee  of  the  Pennsylvania  Kailroad  Company  at  West  Phila- 
delj)hia,  remaining  there  one  year,  and  was  then  transferred  to 
Altoona,  where  he  entered  the  drafting-room,  and  was  soon  after 
appointed  Superintendent  of  the  Wheel  Foundry.  While  at  Al- 
toona he  began  his  experiments  with  the  Sand  Flange  and  Con- 
tracting Chill  ^lethods  of  casting  car  wheels,  both  of  which  metli- 
chIs  he  patented  in  1S83.  During  this  year  he  accepted  the  posi- 
tion of  Mechanical  Engineer  on  the  Chicago,  Milwaukee  &  St. 
Paul  r(Mid,  with  headquarters  at  Milwaukee,  and  two  years  later 
was  made  Superintendent  of  Motive  Power.  lie  remained  with 
the  C.  ^I.  c^'^  St.  P.  road  in  this  capacity  for  a  long  time.  In  1899 
he  accepted  the  jjosition  of  Superintendent  of  Motive  Power  of 
the  Ikltimore  and  Ohio  R.  R.,  with  headquarters  at  Baltimore, 
remaining  there  until  the  fall  of  1901,  then  taking  the  position  of 
SuiK-rintendent  of  Motive  Power  of  the  Erie  R.  R.,  with  head- 
(piarters  first  at  Binghamton,  'N.  Y.,  and  later  at  Meadville,  Pa. 
In  May,  1902,  he  left  ^Meadville  and  the  Erie  road  to  take  the 
jKJsition  of  General  Superintendent  of  the  C.  M.  &  St.  P.,  with 
heathpiarters  at  Chicago.  One  year  later  he  was  promoted  to  the 
position  of  Assistant  to  the  President  of  the  C.  M.  &  St.  P.  road, 
lb-  occu])ied  this  ])osition  until  the  time  of  his  death.  In  the 
fall  of  P.Mj;5,  after  sulfering  from  a  severe  attack  of  ])neumonia, 
he  developed  a  complication  of  heart  and  kidney  trouble,  and  on 
tlie  advice  of  his  ])hysician  took  a  six  months'  leave  of  al>sence, 
going  to  California  in  January,  1904.  lie  was  not  benefited  by 
his  stiiy  in  the  warmer  cHmate,  however,  and  returned  to  his  home 
in  Liberty vilh-,  111.,  during  the  month  of  April,  lie  rapidly  grew 
worse  after  his  return,  and  ])assed  away  at  his  home  in  Liberty- 
villo,  III.,  on  May  1  .">,  1904.  In  addition  to  his  inventions  of  the 
Band  Flange  and  Contracting  Chill  Methods  of  car-wheel  casting, 
Mr.*  Jiarr  made  numerous  other  important  inventions,  having 
taken  out  sixteen  jiatent*?,  all  of  tlicm  covering  im])rovements  in 
cither  cars  or  bn'oniotives.  !Mr.  Parr  was  a  prominent  member 
of  the  Ma.Hter  Mechanics'  and  Master  Car  HuikUjrs'  Associations, 
and  liad  a  thorough  knowledge  of  the  rules  governing  the  inter- 
change of  freight  cars. 

For  years  his  original  ideas  on  car  interchange  impressed  them- 
selves on  those  interested  in  the  revision  of  the  rules  at  the  Annual 
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Conventions,  and  the  j)rosont  code,  wliicli  is  lar^oly  based  on  the 
larger  responsibility  of  the  car  owner  for  cost  of  re|>airs,  is  due 
in  a  great  measure  to  Mr.  Barr's  labor  for  that  principle. 

lie  was  also  a  member  of  the  Western  Kailway  (Mul) — at  one 
time  President — and  contributed  valuable  paj)ers  for  its  Pnx-ecd- 
ings.  He  was  a  man  of  exceptional  executive  power  and  of  re- 
markable mechanical  ability,  lie  l)ecame  a  member  of  the  Societv 
in  May,  1885. 

ROBERT  C.  BLACK  ALL. 

^Ir.  Robert  C.  Blackall  was  born  in  Allmny,  New  York,  in  is31, 
and  had  been  actively  connected  with  railroad  work  since  l^^>(). 
He  was  a  journeyman  machinist  in  the  Saratoga  and  Washingt^m 
shops  until  1858,  machinLst  ami  gang  foreman  with  the  Hudson 
Kiver  Railroad  until  1800,  an<l  successively  advance<l  tii rough 
other  positions  on  the  Delaware  and   lIu<lson  or  its  constituents. 

Prom  1870  to  1800  he  was  Superintendent  of  Motive  Power 
an(l  ^lachinery  of  the  Delaware  and  Hudson.  At  the  time  of  his 
death  he  was  Considtiiig  Mechanical  Superintendent  «»f  the  D.  \' 
II.  Canal  ('om])any. 

Mr.  Blackall,  besides  being  a  mend)er  of  this  Society,  which 
he  joined  in  June,  ls04,  was  also  a  member  of  the  Anu'rican  Uail- 
way  Master  Mechanics'  Association,  (►f  which  he  iiad  JK'en  Pn-si- 
dent,  and  the  New  \i>vk  Railroad  Club,  having  l)een  President 
of  the  latter  for  several  years.  Mr.  Blackall  die»I  at  Albany. 
August  31,  1003. 

ROBERT    M.    BLANKKNSIIIP. 

Mr.  Blankensliip  was  born  in  liichniond,  \'a.,  -May  <»,  ]>»♦»(>. 
His  preparation  for  his  life  w«.rk  was  along  general  aca<leinie 
lines  and  in  the  Chemical  Laboratory  <:f  the  Iron  and  Stool  Worki*. 
In  1888  he  entered  the  Old  Dtuninion  Iron  and  Nail  Works.  a.*» 
assistant  to  the  Superintendent,  and  was  ultinuitely  nuide  Su|MTin- 
tendent.  He  connecte<l  himself  with  the  Society  at  the  Pnividence 
Meeting  in   1801,   and   lii<  <h'ath   rK-curred  during  the  early   part 

of  1004. 

COL.    IIKNKV    M.    WoWl^. 

Col.  Henry  Martin  Boies  was  ]>orn  on  the  ISth  of  Augu-<t,  1837, 
in  Lee,  Mass.  He  was  of  French!  luguenot  origin,  his  nnco»»toni 
migrating  to  Boston.  He  entered  Vale  Collegi*  antl  graduated  in 
1850.  He  entered  business  life  at  once  ns  a  meml»er  nf  the  firm 
of  Silver  <fe  Boies,  engaged  in  tr:in'^|x>rtation  on  the  Ihulsim 
River  between  Tivoli  and  V.^^   York.     Ur  nt  one  time,  wliilo  in 
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C'liicacfo,  joinod  the  Kllswortli  Zouaves,  and  laid  the  foundation 
of  niilitarv  skill  and  ex])erienco  which  afterwards  proved  of  great 
service  in  the  National  CUiard  of  Pennsylvania,  lie  began  his 
continuous  and  most  successful  career  in  1865  at  Scranton,  Pa. 
Here  he  develo])ed  rai)idly  business,  social  and  mental  qualities 
which  won  him  success,  friendship  and  honor,  and  rounded  out 
Nnth  symnietrv  an  energetic  life,  filled  with  altruistic  purpose 
and  accomplishments.  lie  started  in  the  powder  business  as  resi- 
dent member  of  the  firm  of  Laflin,  Boies  &  Turck,  Avhich  was 
merged  in  the  floosie  Powder  Company,  of  whicli  he  was  Presi- 
dent. It  was  allied  to  the  Laflin  &  Land  Power  Company,  of 
which  he  was  an  active  director,  which  aftenvards  became  con- 
nected with  the  Dupont  interests,  w^hose  business  parallels  the  life 
of  the  Pepublic.  In  the  early  days  of  his  business  he  secured 
three  patents  on  his  invention  of  the  powder  cartridge,  an  in- 
genious device  to  diminish  the  hazardous  risk  of  tlie  use  of  powder 
by  the  miner,  and  to  conserve  his  safety  in  several  ways.  While 
in  this  business  he  was  called  to  the  presidency  of  the  Dickson 
Manufacturing  Company,  which  took  upon  itself  under  his  guid- 
ance a  greatly  enlarged  plant  and  diversified  output  of  manufac- 
ture for  a  wide  and  far  extended  territory.  At  tliis  time  his 
attention  was  called  to  the  need  of  an  improved  steel-tired  and  steel 
wheel  for  railroads.  His  study  resulted  in  three  patents  and  the 
erection  of  a  plant  for  their  manufacture.  After  making  it  a 
success  he  sold  the  business  to  become  united  with  the  larger  trust 
which  competition  jnade  necessary  in  order  to  secure  the  more 
j»erfect  output  and  larger  pecuniary  results. 

He  was  a  ready  writer,  and  furnished  articles  for  the  news- 
pajKTs  and  magazines  on  a  variety  of  subjects.  He  was  the 
author  of  t\vr»  pnbb'cations,  one  entitled  "  Prisoners  and  Paupers," 
the  otlier  ^'  The  Sr-ienee  of  Peiiologv,''  which  have  received  com- 
mendation from  high  sr)urces.  Lliese  were  the  outgrowth  of  his 
work  and  study  while  a  njembcr  of  the  I>oard  of  Cliarities  of  the 
State  of  Pennsylvania,  an  a})pointinont  whlcli  lie  first  received 
from  Oovemor  Beaver,  and  which  was  foUowccl  nj)  1)y  reappoint- 
ment by  succeeding  governors.  TFc  beeame  a  member  of  the 
Society  May  14,  ^^'M). 

SIR    FREr)f:RICK    JOSEPH    BRAMWELL. 
Sir  Frederick  Joseph  Bramwell,  first  Bart.,  created   in   ISftO, 
D.C.L.,  LL.T).  and  F.R.S.,  was  born  in  London,  March  7,  1818, 
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and  was  educated  at  the  Palace  School  at  Kidield.  Ih-  served  his 
first  apprenticeship,  coniinencinf^  in  1S34,  with  Mr.  John  Ilapie, 
and  later  became  Chief  Draftsman  and  Manager  of  large  engi- 
neering works  and  in  1853  established  himself  as  a  Consulting 
Ci^^l  Engineer.  He  became  an  Associate  ^reml)er  of  the  Institu- 
tion of  Civil  Engineers  in  185G,  a  Member  in  1862,  and  acted  as 
President  of  that  Institution  in  1SS4.  Ho  was  also  an  active 
member  of  the  Institution  of  ^^fechanical  Engineers,  serving  as 
President  in  1>74  and  1875.  He  was  knighted  in  1881,  and  in 
1884  acted  as  Chairman  of  the  Executive  Committee  of  the  In- 
ventions Exhibition;  was  made  President  of  the  British  Associa- 
tion for  the  Advancement  of  Science  in  1888;  from  1885-1  !>00 
served  as  Honorary  Secretary  of  the  Koyal  Institntion  of  (Jreat 
Britain,  in  honor  of  which  services  his  bust,  by  the  late  Mr. 
Onslow  Ford,  has  been  ])laced  in  the  anteroom  of  the  lecture  hall 
of  that  Institution.  One  of  the  latest  great  und«'rtakings  in 
which  he  was  concerned  was  the  South  Wales  P^leetrieal  Power 
and  Distribution  Coni])anv. 

He  was  the  recipient  of  many  honors  from  scientific  societies, 
and  was  elected  a  fellow  of  the  Hoyal  Society  about  isT'J.  He 
was  particularly  active  and  energetic  in  all  his  work,  and  was 
especially  em])liatic  as  to  the  dignity  and  responsii)ility  of  the  engi- 
neer as  owing  it  to  the  public  that  no  unworthy  scdiemes  reached 
maturity  through  lack  of  exposure  by  competent  engineers,  going 
so  far  on  one  occasion  as  to  publicly  denounce  a  plan  which  he 
had  been  retained  to  advocate. 

He  was  elected  to  Honorary  Membership  in  this  Society  No- 
vember 6,  1884. 

WILLIAM    PITT    CANNING. 

Mr.  William  Pitt  Canning  was  born  in  Stoekbri<lge,  Mns«*..  Sep- 
tember 17,  1S44,  ini<l  <lied  at  Warren,  Mass.,  Sept4Mnl>er  17,  IJMI.'^. 

His  education  was  received  from  his  father,  Edward  W.  H. 
Canning,  and  at  the  Stockbridge  Academy.  Ho  prepared  for 
college,  but  on  account  of  his  health  gave  up  un<lertnking  a  col- 
lege course,  and  went  to  Poston,  wher*-  1'i-  f«th.  r  lii.l  bmi  nn- 
pointed  Dej)uty  Collector  f»f  the  Port. 

Soon  after  his  arrival  in  Boston  he  enlisted,  semng  first  in 
the  Anny  of  the  Potomac,  and  later  he  was  a  member  of  Com- 
pany K,  .'^.'^(l  Begiment,  ^Massa eh n setts  Volunteers,  which  wn«< 
destined  for  senice  in  Ixjuisiana,  but  in  conse^pienee  of  ill-health 
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he  was  invalided  lioiiir  in  Auc:iist,  18()o,  one  year  after  his  en- 
listment. After  rt\iiaininii-  his  health,  he  served  two  and  one-half 
ycai-s  in  the  Charlestown  -Xavy  Yard. 

While  there,  he  was  engaged  in  repairs  on  the  ''  Kearsarge  " 
just  after  its  tight  with  the  ^'  Alabama."  He  then  served  the 
remainder  of  his  four  years'  apprenticeship  in  North  Andover 
and  Lowell. 

About  March,  1871,  he  went  to  Warren,  Mass.,  as  chief 
draughtsman  of  the  Knowles  Steam  Pump  Company,  remaining 
there,  with  a  few  months'  intermission,  until  1879,  when  he  went 
to  Lowell,  becoming  Mechanical  Engineer  for  the  Lowell  Machine 
Shop,  in  which  jx)sition  he  remained  till  1897,  wdien  he  went  to 
Warren  as  Designing  Engineer  for  the  Warren  Pump  Company. 

Prior  to  1871,  when  at  the  Lowell  Machine  Shop,. he  w^as  often 
employed  to  work  out  over  the  drawing-board,  or  to  reduce  to 
practice  in  metal  the  ideas  of  some  inventor  of  textile  machinery. 
During  the  period  of  his  employment  as  Mechanical  Engineer  by 
the  Lowell  Machine  Shop,  from  1879  to  1897,  he  had  charge, 
under  the  direction  of  the  Superintendent,  Mr.  Charles  L. 
Ilildreth,  of  the  design  and  manufacture  of  a  variety  of  im- 
portant textile  machines.  From  time  to  time  it  became  his  duty 
to  introduce  into  their  manufacture  a  standard  machine  which 
had  not  before  been  manufactured  by  that  corporation,  or  to 
change  the  design  of  some  machine,  for  the  purpose  of  removing 
some  inherent  defect,  or  of  adapting  it  to  some  peculiar  applica- 
tion. Sometimes  the  problem  was  to  "  Americanize  "  a  machine 
of  foreign  origin.  Such  duties  gave  opportunity  for,  and  re- 
fjuired  the  exercise  of,  his  inventive  powers  within  tlie  limitations 
whicli  were  fixed  by  the  "standard  "  nature  of  nut])ut  with  which 
he  was  coneerned.  His  designs  and  inventions  had  a  stabil- 
ity and  reliability,  after  he  had  tested  and  modified  them  to  his 
satisfaction,  which  made  it  practically  certain  tiiat  they  would  also 
be  continually  satisfactory  to  those  who  a])|»lie(l  the  machines  to 
the  uses  for  whieh  they  were  adapted. 

He  was  a  man  who  won  and  retained  to  an  iiii usual  extent  the 
confidence,  cooperation  and  esteem  of  his  associates. 

He  was  elected  a  member  of  the  Scx^iety  in  May,  1890. 

JAMKS    A.    CONNELL. 
Mr.  James  A.  Connell  was  born  in  Xew  York  (Jity  April  4, 
1850.    He  received  his  preliminary  education  in  the  public  schools 
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of  the  city,  and  later  completed  a  course  in  Cooper  fnion,  receiv- 
ing the  degree  of  Mechanical  Engineer  from  that  instit^ition. 

At  an  early  age  he  learned  the  machinist's  tra<le,  and  worked 
as  machinist  and  t^ol-maker  in  various  shops  in  New  York  for 
several  years,  then,  turning  his  attention  more  to  steam  engineer- 
ing, he  was  ai)pdinted  Chief  Engineer  of  the  American  Xews 
Company's  building.  In  1881  he  wns  apix>inted  Chief  Engineer 
of  the  New  York  Produce  Exchange,  the  position  which  he  held 
at  the  time  of  his  death.  lie  became  a  member  of  this  Society 
in  1893,  and  always  took  a  great  interest  in  its  welfare  an«l  was 
a  regular  attendant  at  most  of  the  meetings. 

Mr.  Connell  had  a  strong  personality  and  made  many  firm  and 
lasting  friends  among  his  business  associates. 

lie  died  on  January  2,  100-1,  from  i)neunionia,  after  an  illness 
of  only  a  few  days. 

RUSSELL    WHEELER    DAVENPORT. 

Mr.  RiLSsell  Wlieehr  Davenport  dierl  in  Pliila(lel|»liia  on  March 
2,  1004,  distinguished  ])<)th  as  a  metallurgist  and  a  numager  of 
nu'n. 

The  senices  rendered  by  ^Ir.  Davenport  to  the  steel  industry 
of  this  country  while  the  manufacture  of  the  higher  grades  of 
0])en-hearth  steel  was  in  its  infancy  have  never  l)een  fully  real- 
ized or  ap])reciated  by  the  members  of  our  Scx-iety. 

When  in  the  early  eighties  the  Ordnance  Bureau  of  our  Navy 
Departnu'nt  decided  to  equip  the  cruisers  with  modern  liigh- 
j)ower  steel  cannon,  the  specifications  for  the  steel  to  Iw  used  in 
the  tubes,  jackets  and  hoops  of  these  guns  were  made  more  severe 
than  those  adopted  by  any  European  government  at  that  time. 
And  the  i)roblem  of  making  steel  for  successfully  tilling  these 
sj)ecificati(ms  was  solved  by  ^!r.  DavenjM^rt  in  the  works  of  tiic 
Midvale  Steel  Co.  at  Phihulelphia,  without  the  aid  or  advice  of 
any  foreign  metallurgist  or  company,  and  without  even  the  a<l- 
vantage  which  might  have  Ix'en  derived  from  tlie  iiu^iM-ction  of 
foreign  steel  works. 

Even  at  this  time,  after  twenty  years  of  e.\p<Tience  and  with 
the  aid  of  the  best  talent  in  this  country  and  EurojMv  the  numu- 
facture  of  steel  to  successfully  meet  these  8|H'citication!*  pre*ent8 
one  of  the  most  difHcult  of  metjillurgical  problems. 

The  series  of  experiments  systematically  ami  carefully  con- 
ducted by  Mr.  Daveui>ort  through  a  tcriu  of  {jcvcral  ycaw,  which 
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ended  in  the  production  of  gun  steel  at  the  Midvale  works  equal 
to  any  in  the  world,  surely  deserves  to  rank  among  the  most  not- 
able metalhirgical  achievements  of  this  country. 

The  dirticulties  and  discouragements  which  Mr.  Davenport  met 
with  and  successfully  overcame  in  this  work  can  only  be  appre- 
ciated by  those  who  were  with  him  at  the  time.- 

Probably  the  reason  that  his  work  at  Midvale  never  received 
the  general  recogiiition  which  it  deserved  was  that  soon  after  he 
had  successfully  solved  the  problem  the  Bethlehem  Steel  Company 
decided  to  go  into  the  manufacture  of  ordnance  on  so  large  a 
scale  that  the  eyes  of  all  engineers  were  turned  upon  them,  and 
the  plant  of  the  Midvale  Company  at  that  time  remained  com- 
paratively so  small  that  Mr.  Davenport,  the  true  pioneer  in  this 
field,  was  overshadowed. 

It  is  a  notable  fact,  however,  that  before  the  ordnance  plant  of 
the  Bethlehem  Steel  Company  was  completed  the  services  of  Mr. 
Davenport  were  secured  by  them,  and  that  under  his  direct  super- 
vision their  furnaces  Avere  started  so  smoothly  and  successfully 
u])on  their  work  as  to  excite  the  admiration  of  the  entire  engi- 
neering fraternity. 

It  is  needhvss  to  point  out  the  far-reaching  effect  which  the 
ability  to  accurately  fill  specifications  for  the  higher  grades  of 
steel  has  had  upon  all  branches  of  engineering  in  this  country. 

As  a  manager  of  men  Mr.  Davenport  was  as  successful  as  in 
his  metallurgical  work.  Although  he  was  always  a  rigid  discipli- 
narian his  straightforward  truthfulness,  his  tact,  his  kindly  dis- 
f)osition  and  his  untiring  energy  obtained  for  him  the  love  and 
respect  of  all  square  men  with  whom  he  came  in  contact.  And 
in  his  long  and  successful  intercourse  with  the  Army  and  Navy 
Departments  at  Washington  he  demonstrated  beyond  question  the 
fact  for  which  Ik;  always  contended — that  the  policy  of  simple, 
direct  truthfulness  was  the  only  one  to  adopt. 

For  three  years  Ix^fore  the  purchase  of  the  Bethlehem  Steel 
Company  by  its  present  owners  he  successfully  fillcMl  the  ])lace 
there  of  Superintendent  of  Manufacture.  This  was  during  the 
trying  period  of  the  reorganization  of  that  company,  and  his  posi- 
tion during  this  time  can  only  be  adequately  described  as  that  be- 
tween the  hammer  and  the  anvil. 

For  the  year  liefore  his  (l(;ath  he  was  Vice-President  of  the 
Cramp  Shii)building  Company,  and  his  management  of  their  af- 
fairs was  so  8uece«sful  that  he  was  to  liavc;  been  unanimously 
elected  president  of  that  company  at  their  next  meeting. 
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Mr.  Davenport  was  born  in  Albany,  X.  Y.,  on  Marcli  20,  1849. 
He  entered  the  Sheffield  Scientific  School  in  18(38,  and  ^^radnatcd 
in  1871;  spent  1871  and  1872  as  assistant  to  Professor  Brnsii  in 
the  chemical  laboratory,  and  then  to<jk  a  course  in  the  Koval 
School  of  Minos  at  the  University  of  Berlin.  In  May,  lS74,*ho 
went  to  the  Midvale  Steel  Company  as  chemist,  and  successively 
occupied  the  positions  there  of  Assistant  Superintendent,  Super- 
intendent and  (Jencral  Mana^-er.  In  isss  he  accepted  the  |M«i- 
tion  of  Assistant  Superintendent  of  the  Bethlehem  Steel  Companv. 
For  a  number  of  years  he  was  the  Sec(ni<l  Vice-President  nf  that 
company,  and  for  three  years  before  his  resignation  in  VM)\  he 
was  Superintendent  of  .Manufacture.  At  the  time  of  his  death, 
March  2,  1904,  he  was  the  Vic<--President  an<l  .Manager  of  the 
Cramp  Shipbuilding  Company  of  Phihulelphia.  He  became  a 
member  of  the  Society  in  1902. 

CHARLES    M.     DAY. 

Mr.  Charles  M.  Day  was  employed  by  the  Ilopedale  Machine 
Company  of  Ilopedale,  !Mass.  (the  company  was  later  merge<l  with 
others  into  the  Draper  Company),  served  an  apprenticeship, 
worked  in  various  shojjs,  notably  those  of  Pratt  i^:  Whitney, 
Brown  &  Sharpe,  and  other  high-grade  places.  Il(»  returned  to 
Ilopedale,  and  took  charge  of  the  tool-making  department  of  the 
concern.  Later  he  was  given  charge  of  the  most  imjM)rtant  iiuinu- 
facturing  department  of  the  works,  and  still  later  was  appointed 
General  Superintendent,  which  place  he  held  at  the  time  of  his 
death. 

He  was  a  member  of  the  Board  of  Directors,  and  always  tilled 
the  positions  to  which  he  was  elected  with  entire  satisfaction, 
lie  was  an  honest,  able,  upright  man;  of  gn^at  executive  ability, 
a  fine  mechanic  and  one  whose  intluence  was  felt  not  only  in  his 
business,  but  in  the  administration  of  the  affairs  of  government. 
Ilis  death  was  a  great  loss  to  his  business  associates,  and  a  severe 
blow  to  the  community  in  which  he  lived. 

Mr.  Day's  death  occurred  in  the  latter  part  of  Fehniary,  li»03, 
at  the  age  of  about  forty-three,  lie  became  a  member  of  the 
Societv  in  ^lav,  1884. 

ELIIir    nODDS. 
Mr.  Elihu  Dodds  was  born  near  Pittsburgli,  Pa.,  in  1S42.     At 
the  beginning  of  the  War  of  the  Hebellion  he  enlisted  in  Company 
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A,  5th  Regiment^  Excelsior  Brigade,  74th  Xew  York  Volunteers, 
and  wiis  color-bearer  for  about  two  years,  winning  a  reputation 
for  braverv  possessed  by  few.  At  the  close  of  the  war  he  located 
at  Indianapolis,  Ind.,  and  in  1866  entered  the  service  of  Chandler 
A:  Taylor,  serving  successively  as  pattern-maker,  foreman  of  j)at- 
tern  shop,  draughtsman,  designer,  assistant  su})erintendent  and, 
finally,  superintendent.  This  position  he  held  until  stricken  Avitli 
that  dread  disease,  tuberculosis,  which  caused  his  death  on  June 
10,  11)03,  at  Phoenix,  Arizona.  He  was  thorough  and  painstaking 
in  all  of  his  undertaking's,  and  won  the  respect  and  confidence  of 
all  with  whom  he  came  in  contact.  He  became  a  member  of  the 
Society  May  31,  1887. 

CHARLES    F.    ELMES. 

!Mr.  Charles  F.  Elmes,  President  of  the  Chas.  F.  Elmes  Engi- 
neering Works,  Chicago,  and  one  of  the  oldest  and  most  promi- 
nent mechanical  engineers  of  that  city,  died  as  a  result  of  para- 
lysis on  January  10,  1904.  Mr.  Elmes  designed  the  pumps  and 
propelling  machinery  for  the  first  Chicago  fire-boat,  and  also  de- 
signed the  first  fire-boat  for  the  city  of  Milwaukee,  both  of  them 
proving  highly  efiicient.  Mr.  Elmes  was  born  in  llallowell,  Maine, 
Deceudx'r  1,  1845,  removing  to  Wisconsin  in  1858,  and  three 
years  later  to  Chicago.  Serving  an  apprenticeship  in  the  ma- 
chine shop  conducted  by  his  father,  Carleton  I).  Elmes,  he  gained 
thorough  practical  knowledge  as  a  machinist,  engineer  and 
draughtsman  which  contributed  to  his  great  success  in  the  engi- 
neering field.  His  father  and  lie  then  formed  a  copartnership 
under  the  name  of  Elmes  &  Son,  which  continued  until  the  death 
of  the  elder  Elmes  in  1877.  From  1877  to  1895  the  business  was 
conducted  under  the  name  of  Charles  F.  Elmes.  Tn  the  latter 
year  the  co'rjioration  was  foniied  wliich  has  since  been  known  as 
the  Charles  F.  Klmes  Engincfjriiig  Works,  his  two  sons,  (Carleton 
L  and  Cliarle«  W.,  who  for  several  years  had  been  in  tlieir  father's 
employ,  being  adnn'tted  as  stockholders  of  the  new  (•omj)any.  Mr. 
Elme»  iK'came  a  member  of  the  Society  in  Novemb(?r,  1883. 

CLARK    FISnER. 

Mr.  Clark  Fisher  was  l»oni  nt  Levjint,  Miilne,  May  27,  1837. 
Hi«  prejiaratory  studies  were  undertaken  at  the  Academy  at  Tren- 
ton, N.  J.,  and  he  entered  the  Rensselaer  Polytechnic  Institute  at 
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Troy,  N.  Y.,  in  1854,  and  graduatod  in  1858  as  Oivil  Engineer. 
He  entered  the  United  States  Xavv  as  Third  Assistant  Engineer 
May  3,  1859,  became  Second  Assistant  July  1,  1861,  and  First 
Assistant  July  25,  1866,  and  was  made  Chief  Engineer  January 
23,  1871.  He  left  the  service  on  account  of  the  death  of  his 
father  and  the  loss  of  his  brother,  who  was  kille<l  at  Fort  Fisher, 
in  order  that  some  one  of  the  family  should  carry  ••»!  t]|«.  business. 
His  record  of  military  service  is  as  follows : 

"  Clark  Fisher  served  in  the  navy  from  early  in  1850  to  1872, 
in  the  various  grades  of  his  corps,  through  the  War  of  the  Rebel- 
lion, participating  in  the  engagements  at  Whitehouse  Landing; 
Pocotaligo  in  1862  ;  in  the  attack  on  Morris  Island,  Charleston 
harbor,  including  the  bombardment  of  Fort  Sumter;  the  attack 
on  Fort  Wagner  and  Stono  Inlet  in  1S63;  the  advance  up  the 
James  River  in  the  attack  on  Ilowlett's,  and  the  Dutch  Gap  Canal 
in  1864. 

"  He  was  taken  prisoner  at  Magnolia  Station,  S.  C,  in  1862, 
but  escaped  the  hardships  of  a  prison  life  after  being  contine<l  but 
one  night.  He  was  a  brilliant  engineer,  and  did  some  valuai)le 
work  for  the  Xavv  Doj^artment  at  the  Brooklyn  Xavy  Yard  in 
the  elalxn-ate  and  conclusive  experiments  he  earried  out  at  that 
station  that  established  the  value  <»f  oil  as  a  fuel,  and  in  originat- 
ing devices  for  the  economical  combustion  of  this  fuel,  elearly 
demonstrating  its  value  and  it,s  limitations,  which  are  now  a  part 
of  the  records  of  the  Xavv  Department. 

''  Mr.  F^isher  was  highly  esteemed  by  Commodore  lsiierw«MMl, 
Chief  of  the  Bureau  of  Steam  Engineering  of  the  Xavy  Depart- 
ment during  the  War  of  the  Kebelli<»n,  f«»r  his  ability  in  earrying 
out  the  experimental  work  at  the  Xavy  Yard  and  developing  tho 
science  of  modern  steam  engineering." 

His  father,  Mark  Fisher,  establisjicd  the  Eagle  Anvil  Works, 
in  Trenton,  X.  J.,  which  Clark  Fisher  carrie<l  on  after  iiis  faliier*fl 
<leath.  Mild  made  it  a  great  succes>^.  1I<-  was  a  memlHT  of  the 
American  Society  oi  Civil  Engineers,  and  joined  this  Sm-i.-ty 
Aiiirust  1,  is!i;j.  Clark  Fisher  died  at  Flushing.  Long  lslan»l. 
December  :n,  11M»;J,  atVr  a  severe  illness,  and  Iiis  life  was  length- 
ened by  the  devotion  of  his  wife,  who  liad  already  nursed  him 
faithfully  through  two  severe  attacks  in  preceding  years.  Tlie 
Government  detailed  a  naval  escort  for  the  funeral,  and  he  was 
buried  in  Trenton,  X".  J.,  with  naval  honors. 
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DAVID    ROSS    FRASER. 

Mr.  David  Koss  Frasor  was  born  at  Borwick-on-thc-Tweed, 
Scotland,  on  May  18,  1824,  and  came  to  the  United  States  in  1848 
(May),  at  the  age  of  twenty-four  years,  where  he  was  first  em- 
pK\ved  in  machine-shop  work  at  Pittsburgh.  He  arrived  in 
Chicago  September  5,  1848,  and  his  first  employment  there  was 
with  Gates  &  Hoag,  which  firm  later  became  Gates  &  McIIiglit. 
Mr.  Thos.  Chalmers,  witli  whom  he  created  the  firm  of  Fraser 
tt  ChahH(Ts  twenty-throe  years  later,  was  tlien  in  the  employ  of 
Gates  iiV:  Iloag. 

In  A})ril,  1850,  he  crossed  the  plains  to  California  as  a  gold- 
seeker,  but  fever  and  ague  drove  him  back  in  the  same  year, 
returning  via  Panama.  However,  he  returned  to  California  in 
1852,  seeing  an  opportunity  for  mechanics,  and  was  employed  in 
machine  shops  in  San  Francisco;  but  though  gaining  an  excep- 
tional reputation  as  a  mechanic  and  earning  extraordinary  wages 
and  with  a  fine  prospect  for  advancement,  ague  again  drove  him 
back.  He  again  returned  to  Chicago  via  Panama  in  1853,  and 
entered  the  employ  of  Scoville  &  Sons'  Locomotive  Works  as  fore- 
man. These  works  stood  on  the  land  now  occupied  by  the  Union 
Depot  at  the  corner  of  Canal  and  Adams  Streets.  Here  he  super- 
intended the  buihling  of  the  first  locomotive  ever  built  in  Chicago, 
and  personally  ran  it  by  its  own  steam  over  the  plank  road  then 
on  Canal  Street  from  Adams  to  Kinzie  Street,  delivering  it  to 
the  Galena  and  Chicago  Railroad,  the  first  steam  railroad  in  or 
out  of  Chicago. 

In  1854  the  Scoville  &  Sons'  Works  closed,  and  Mr.  Fraser  en- 
gaged with  P.  W.  Gates  &  Co.,  where  he  built  engines  for  some 
time  by  contract.  As  foreman,  he  continued  with  this  firm  until 
1857,  during  which  time  he  became  a  partner.  Tlien  came  the 
organization  of  a  new  company,  R.  W.  CJates  &  Co.,  operating 
under  the  title  of  the  Kagle  Works  Manufacturing  Co.,  at  the 
corner  of  Canal  and  Washin^on  Streets,  and  in  which  both 
Mr.  Fra.Her  and  Mr.  Thomas  Chalmers  were  stockholders  and 
acting  Suj)erintendentfl  until  1872,  when  shortly  after  the  great 
Chicago  fire  they  withdrew  and  started  the  renowned  business 
known  a.s  Frailer  &  Chalmers,  wliich  grew  and  prospered  wonder- 
fully under  that  name,  and  which  name  was  retained  until  it  was 
purchased  in  1800  by  an  English  syndicate.* 

•This  corporation  has  since  been  merged  into  the  AIliH-(.'Lalmer8  Company. 
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Mr.  Fraser  went  to  England  in  1890  and  erected  there  the 
English  works  of  Fraser  ^'  Chalmers,  Limited,  at  Erith,  on  the 
Thames  Kiver,  a  short  distance  from  London,  and  except  for  some 
months  when  he  was  called  to  Chicago  to  take  charge  of  the 
Chicago  factory  during  a  period  when  it  was  nearly  overwhelmed 
with  orders  for  mining  machinery,  and  which  his  hrilliant  execu- 
tive ability  in  shop  management  overcame,  he  was  engaged  in 
erection  of  this  English  works  and  operating  them  until  the  spring 
of  1903. 

In  1893  Mr.  Fraser  retired  from  active  business,  but  was  Vice- 
President  and  largest  stockholder  in  the  Chicago  Portland  Cement 
Company. 

In  Xovember,  1851,  he  married  Miss  Lydia  IL  Scoville.  Their 
golden  wedding  was  celebrated  in  November,  1901,  surrounded 
by  their  children  and  grandchildren. 

Mr.  Fraser  has  held  an  enviable  reputation  as  a  mechanical 
engineer  and  invented  numerous  mechanical  devices.  His  genius 
was  called  into  i)lay  to  good  purj)ose  in  the  devel(>pnu*iit  and  im- 
provement of  mining  machinery,  as  will  be  recalled  with  pleasure 
by  many  engaged  in  the  mining  districts  in  every  j)art  of  the 
world. 

He  possessed  a  most  winning  |>ersonality  and  made  hosts  of 
friends,  his  generous  and  kind  yet  firm  disjKwition  en(h'aring  him 
to  the  lowliest  in  his  employ. 

He  died  May  30,  1904,  from  a  stroke  of  apo|)lexy,  after  twenty- 
four  hours'  unconsciousness  following  the  attack. 

He  became  a  member  of  the  Society  May,  1886. 

STEPHEN    J.    GErmilEGAN. 

Mr.  Stephen  J.  Oeoghegan  was  born  May  10,  1S30.  .\t  nlM>ut 
the  age  of  twelve  he  entiTcd  the  employ  of  Mr.  Thomas  Carter, 
a  manufacturer  of  gas  fixtures,  located  on  the  Rowery  near  (J rand 
Street,  and  remained  four  years. 

He  then  entered  the  employ  of  the  firm  of  i^ak.  Wood  & 
Hunter,  one  of  the  jmmeers  in  the  manufacture  of  fittings  for 
steam,  water  and  gas  supjdy. 

Upon  the  death  of  Mr.  Leak,  in  1856,  and  the  wiilidrawal  of 
:Mr.  Wood  from  the  firm,  it  then  became  the  firm  of  Hunter  S: 
Kellar,  and  at  this  time  Mr.  Oeoghegan  was  made  Sui>erintend.nt. 

He  remained  with  this  firm  until  May,  1866,  <vheu,  witli   Mr. 
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A.'S.  Cameron,  ho  formed  the  firm  of  Cameron  &  Geoghegan, 
designing  and  constructing  Heating  and  Ventihiting  Apparatus. 

loiter  he  successively  allied  himself  mth  E.  D.  Slater,  J.  F. 
lliley,  and  T.  A.  Coles,  until,  in  1809,  Mr.  Charles  J.  Gillis  be- 
came associated  with  him,  forming  the  firm  of  Gillis  &  Geoghegan. 

^Ir.  Geoghegan  was  a  master  mechanic  in  all  that  pertained  to 
his  work,  and  in  the  great  advance  and  progress  made  in  this  line 
during  his  time  he  bore  no  small  part  develo])ing,  as  well  as  suc- 
cessfully operating,  his  own  business.  His  death  occurred  Sep- 
tember 7,  1903. 

He  became  a  member  of  the  Society  May,  1887. 

P.   J.   GREENWOOD. 

Mr.  Greenwood  was  born  in  England,  May  19,  1840.  He  be- 
came a  machinist  apprentice  and  served  the  usual  seven  years  with 
l)rivate  instiniction  in  drawing  and  mathematics.  His  mechanical 
work  was  on  gun  tools,  for  the  making  of  pipe  fittings,  together 
with  general  work  on  locomotive  and  stationary  engines. 

Something  over  thirty  years  ago  his  attention  was  directed  more 
and  more  to  shoe  machinery  and  their  manufacture,  and  he  fol- 
lowed this  special  line  of  work  in  connection  with  the  Tredegar 
Iron  Company  of  IJichmond,  until  the  time  of  his  death. 

He  joined  the  Society  at  the  time  it  met  in  his  home  city  of 
Richmond,  Va.,  in  1890.     He  died  December  22,  1902. 

JOHN   nULETT. 

Mr.  John  Hulett  was  born  in  Brooklyn,  N.  Y.,  March  14,  1874. 
At  an  early  age  he  removed  to  Newburgh,  'N.  Y.,  where  he  re- 
ceived his  education  in  the  public  schools  of  that  city,  after  which 
he  entered  the  Xewburgh  Academy,  graduating  in  1892.  The 
following  year  he  took  a  j)Ost-graduate  course  at  the  Academy  and 
conducted  the  ^lanual Training  Shop  Course.  In  Septendjer,  1893, 
he  entered  tlir  Mechanical  Kngiiiccriiig  Conrse  at  Cornell  and 
graduated  in  1897.  After  leaving  college  he  entered  the  draught- 
ing-rfK»m  of  the  Metropolitan  Street  Railway  Company,  leaving 
there  in  1H08  to  enter  the  employ  of  the  Boston  llubber  Shoe 
Company.  Tn  1890  was  connected  with  the  Edison  Electric  Hlu- 
minating  Cr>mpany  of  Boston.  Early  in  1902  he  accpted  the 
po!«ition  of  Chief  Engineer  of  the  Monongahela  Manufacturing 
Company  of  Monongahela,  Pa.  He  became  a  member  of  the 
Sfjciety  December  «,  1899. 
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JOHN     IlL'MrilKKV. 

Mr.  John  irninphrcy  was  horn  in  Lvndon,  Vt.,  Oct<»l)or  12.  IS.'U, 
hut  nearly  all  his  life  had  heen  a  resident  of  Clieshire  (V.unty, 
liaving  gone  to  Jiindgc"  wlien  he  \va.s  very  young  and  afterwards 
living  in  Xelson,  Ilarrisvillc,  ^larlhoro,  and,  sinee  lsr>t>,  in  Ki-ene, 
with  the  exception  of  two  years  in  White  River  Junetion,  Vt. 
^fr.  IIuni])hrey's  educational  advantages  were  limited  to  such  in- 
struction as  he  could  get  in  the  puhlic  schoi^ls,  but,  having  a  thirst 
for  knowledge  and  an  excellent  memory,  he  aj>plie<l  himself  dili- 
gently and  mastered  such  hooks  as  came  within  his  reach,  lM»th 
on  mathematics  and  mechanics,  in  which  he  was  especially  inter- 
ested, and  on  general  subjects.  Later  he  studied  mechanical  engi- 
neering and  hydraulics  very  thoroughly,  an<l  l)ecame  an  expert  in 
the  construction  and  designing  of  water  wheels.  lie  became  a 
member  of  the  Society  May  15,  1880. 

^fr.  Tlumphrey  started  r»ut  at  the  age  of  twelve  years  to  find 
em])loyment  and  gain  his  own  livelihno<l,  his  first  engagt'uu'nt 
being  in  the  woodenware  business  for  about  three  years.  Then, 
after  clerking  a  year  in  a  country  store,  he  went  into  a  woo<lcn- 
ware  mill  in  Xelson,  and  while  there  l)egan  nniking  patterns  for 
a  machine  he  had  invented,  and  later,  after  visiting  a  foun<lrv  in 
Harrisville  to  obtain  information  as  to  the  shrinkage*  of  metal, 
shaping  and  coring  of  patterns,  etc.,  accepted  a  generous  and  en- 
couraging })roposition  from  ^Ir.  Mainard  Wilson  to  work  in  his 
shop  and  at  the  same  time  to  build  his  machine.  The  machine 
was  successfully  built,  and  ^Ir.  Humphrey  remained  at  the  shop 
until  ^Ir.  Wilson's  death  in  18r»4,  the  business  afterwanls  con- 
tinuing in  his  charge  for  a  year.  In  l'^^>^^  being  of  age,  Mr. 
irum])hrey  fonned  a  partnership  in  ^^arll>oro\  where  lie  on- 
gaged  in  business  for  a  year  as  a  machine-nniker,  etc.,  but  the 
partnership  not  proving  satisfactory  he  camo  to  Keene  and  en- 
tered the  machine  shop  of  II.  L.  Ilaync^  as  aji  emjdovoe.  He 
devoted  his  leisure  time  to  the  making  of  spe«-ial  nuu'hines.  and 
in  1851),  while  seating  up  one  of  them,  made  an  engagement  at 
White  TJiver  Junction,  where  he  numufactured  slioo|K'g  and  other 
machinery  about  two  years,  until  the  shop  burned  down.  Mr. 
Humphrey  then  returne<l  to  Keene  and  t«v>k  the  shop  of  Mr. 
Ilaynes,  beginning  a  business  on  his  own  account  which  hn*  Ancr 
continued  successfully  un<ler  the  firm  name  of  J.  Ilumphrev  T 
Humphrey  S:  Co.,  ami  The  Humph'-,  v  Machine  Co. 


11;^  MEMBERS   DECEASED   DURING   THE   YEAR. 

Mr.  llumplircv  v.as  one  oi'  tlio  loading  spirits  in  the  erection 
of  the  l^raver  Mills  plant,  and  removed  his  machine  shops  there 
from  Kalston  Street  on  their  coni})letion.  lie  made  a  great  variety 
of  wooil-working  machines  from  improved  designs  of  his  own,  and 
in  the  line  of  clothespin  and  shoepeg  machinery  developed  ninch 
that  was  entirely  new.  His  shoepeg  machinery  is  still  sent  to 
foreign  eonntries  where  snch  pegs  are  in  use  to-day.  His  clothes- 
pin nuichines  are  also  in  use.  He  also  made  a  great  number  of 
^JJ>ecial  machines  designed  by  himself  to  solve  com])licated  prob- 
lems for  others,  and  was  very  successful  in  that  line  of  work.  An 
excelsior  machine  was  one  of  his  later  productions,  and  among 
other  things  designed  and  improved  by  him  Avas  a  lumberman's 
log  caliper  for  computing  the  contents  in  logs  in  cord  or  board 
measure. 

The  Humphrey  Machine  Company,  of  w^hich  Mr.  Humphrey 
has  always  been  the  manager,  was  formed  in  1873.  He  began 
making  water  wheels  some  years  before  that,  but  brought  out  his 
very  successful  I-X-L  turbine  about  that  time.  There  are  a  large 
number  of  these  wheels  in  use  in  New  Hampshire,  Massachusetts 
anrl  Connecticut,  from  which  most  satisfactory  results  have  been 
obtained.  The  largest  1-X-L  wheel  built  by  Mr.  Humphrey,  100 
inches  in  diameter,  has  been  in  use  nearly  tAventy  years  by  one 
of  the  big  Lowell  corporations.  The  X-L-C-R,  a  double  wheel  on 
a  horizontal  shaft,  was  designed  later  by  Mr.  Humphrey,  and  has 
also  been  most  successful.  In  1888  he  purchased  of  the  late  Moses 
ETlLs  his  iron  foundry  on  Davis  Street,  which  he  has  since  car- 
ried on  t-ogetlier  with  his  machine  shop. 

For  nearly  six  years  he  had  been  publislier  of  a  monthly  paper 
called  "  The  Investigator,"  which,  as  its  name  indicates,  treated  of 
matters  in  mechanical  and  other  lines  for  which  there  appeared 
occasion  for  investigation.  A  series  of  articles  on  "  Water  Power  " 
treated  of  that  subject  in  a  manner  that  gave  much  information 
on  point/i  not  generally  understood,  and  during  his  illness  many 
articles  of  interent  relative  to  machinery  have  been  ])nblished, 
while  by  rare  will-jKJwer  and  })ersistency  he  also  continued  to  di- 
rect hi«  buninesA,  the  details  of  whifli  lie  alwavs  Avorked  out  him- 
«elf. 

Mr.  Ilnmphrey's  death  oeenrred  on  Monday,  August  24,  at  the 
aue  of  C*<  vfMT- 
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FRANK  KKMrSMITII. 

Mr.  Frank  Kompsniith  l)(*<^aii  his  luoclianical  carctr  at  tlie  n'^c 
of  thirteen  and  became  a  highly-skilled  machinist  and  tool-maker, 
lie  worked  in  various  Eastern  shops,  includinj^  (Jarvin's  in  New- 
York  and  Brown  <fe  Sharpens,  being  noted  for  his  skill,  good  judg- 
ment and  conscientious  work. 

Later  he  went  West,  and  was  for  a  time  a  tool-maker  in  Spring- 
field, Ohio.  Aftersvards  he  became  Superintendent  of  the  shoi)8 
of  Warner  &  Swasey,  of  Cleveland,  the  Lick  Telescoj)e  being  con- 
structed there  at  that  time.  From  there  he  returned  to  Spring- 
field, where  with  two  partners  he  started  in  businesji,  building 
machine  tools,  and  about  sixteen  years  befor(»  his  death  moved  to 
Milwaukee,  where  by  himself  he  built  u]»  a  business  now  known 
as  the  Kempsmith  ^lanufacturing  Company.  Owing  to  ill-health 
he  finally  retired  from  business.  His  death  cH-curred  in  Milwaukee 
on  April  10,  1004.  He  became  a  mend>er  «>f  the  Scx^iety  in  May, 
18S6. 

FRKOKRICK    II.    LAr(»K(;K 

^Fr.  Frederick  Henry  LaForge's  death  occurnd  <»n  August  1, 
1004,  at  the  Waterbury  ir«)si)ital,  where  he  had  been  under  tn-at- 
ment  since  the  first  ])art  nf  M.w.  Hr  had  sutTered  for  some 
months  with  ])aralysis. 

Mr.  LaForge  was  born  in  New  Ilavm,  Conn.,  .May  4,  1^ 
His  early  school  days  were  spent  in  his  native  city,  and  aUmt 
1852  he  moved  to  Waterbury,  Conn.,  where  he  took  up  his  resi- 
dence. .\s  a  mechanic,  he  worked  in  many  (»f  the  Wi\\  factories. 
In  187:^  he  was  a]»pointed  TJ.iiler  Insju'ctor  for  the  Sec(m.l  (  on- 
gressional   District.      He   acte<l   in   that  caj^acity   from   that   time 

until  he  was  taken  ill. 

Farly  in  IHsn  the  users  of  steam  in  Waterbury  took  nieasun>« 
to  estai^lish  a  local  conijiany  for  boiler  insurance  on  a  "  mutuar' 
basis.  Mr.  LaForge  was  one  <.f  the  first  to  aid  in  the  movement. 
In  188G  he  was  chosen  the  first  Chui  rnsi>ector  of  the  Company, 
which  was  called  the  (\.nnecticut  Mutual  Steam  IVuler  In-?"  .ti-.n 
and  Insurance  Companv.      In  ist>4  he  was  n'-idivted  to  o! 

In  ls<;s  Mr.  LaForge  and  W.  CJed<les  patento<l  a  shafting  ma- 
chine; in  isr,!>  he  and  O.  E.  Somers  patented  a  screw  prcM«;  in 
1873  he  patented  covers  for  8toi>H'locks ;  in  1885  ho  and  J.  K. 
Smith  patented  a  keyring  tag,  an.)  in  1889  he  and  H.  J.  Barker 
patented  a  direct-acting  steam  engine. 
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In  the  early  part  of  1881  an  association  of  stationary  onginoors 
was  fornioil  in  rrovidencc,  1\.  I.,  and  in  188-4  Mr.  LaForge  was 
elected  a  Tnistee  of  the  organization. 

lie  was  elected  a  member  of  the  Society  in  1887. 

PULASKI    LEEDS. 

Air.  Pnlaski  Leeds  was  born  at  Darien,  Conn.,  in  1845.  When 
thirteen  years  old  he  entered  the  shops  of  the  New  Haven  and 
Hartford  Railroad  as  an  a})i)rentice,  and  the  whole  of  his  snbse- 
quent  work  was  done  in  railroad  service.  After  finishing  his  ap- 
prenticeship, he  followed  a  practice,  very  common  and  popular  in 
those  days,  of  becoming  a  locomotive  fireman  as  a  means  of  reach- 
ing the  position  of  locomotive  engineer.  He  ran  a  locomotive  for 
about  five  years,  and  then  returned  to  the  repair  shops  as  fore- 
man. He  rose  by  the  usual  steps  of  General  Foreman  and  Master 
Mechanic,  and  in  1877  received  the  appointment  of  Superintendent 
of  ^ifotive  Power  of  the  Boston  ^nd  New  York  Air  Line.  Two 
years  later  he  went  to  a  Western  railroad,  and  after  holding  official 
jK»sitions  on  various  railroads  accepted  the  position  of  Master 
Mechanic  of  the  Louisville  and  ]S'ashville  Railroad,  with  charge 
of  the  repair  shops  at  Louisville,  Ky.  While  holding  that  posi- 
tion Air.  Leeds  became  noted  for  the  number  of  labor-saving  ap- 
jiliances  which  he  introduced,  many  valuable  devices  being  of  his 
o^\'n  invention.  He  took  a  leading  part  in  the  introduction  of 
pneumatic-driven  appliances  and  other  mechanism  calculated  to 
lighten  the  burdens  and  facilitate  the  operations  of  workmen. 

In  1880  Mr.  Leeds  was  advanced  to  the  position  of  Sui>erin- 
tendent  of  Motive  Power  of  the  company  he  had  served  so  well 
as  Ma.ster  Mechanic.  In  that  position  he  took  a  lead  in  develop- 
ing the  locomotive  to  the  high  power  and  efficiency  the  engine  has 
now  attained.  While  decidedly  conservative  in  accepting  inno- 
vations, Mr.  Ix'eds  was  highly  progressive  on  safe  lines  and  had 
excee<lingly  keen  perceptions  of  shortcomings  in  mechanical  de- 
signs. 

Mr.  Iji'i^U  for  years  took  an  active  interest  in  the  various  rail- 
road njcflianical  a.ssrK-iationH.  He  was  President  of  the  American 
liailway  Master  Mechanics'  Association  for  one  year,  and  wjis  a 
nif-mlxT  of  the  Executive  Committee  of  the  Master  Car  l^uilders' 
A^;.ociation.  Mr.  Leeds  met  an  untimely  death  on  July  8,  1903, 
by  the  pi.stol  of  a  workman  who  had  been  refused  a  favor  for- 
bidden by  the  rules  of  the  railroad  company.  Mr.  Leeds  became 
a  member  of  the  Society  in  May,  1002. 
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W.    W.    LINDSAY. 

Mr.  W.  W.  Lindsay  was  bora  in  Philadelphia  on  December  25, 
1865,  and  was  educated  in  the  public  schools  of  this  city.  lie 
graduated  from  the  Central  High  School  in  June,  ISS'2.  During 
that  summer  he  ent^^red  into  an  electrical  contracting  business  on 
a  small  scale.  In  the  beginning  of  1883  he  was  employed  for  a 
short  time  by  the  George  V.  Cresson  Company  of  Philadelphia. 
In  January,  1887,  he  entered  the  emi)l(»y  of  (Jordon,  StrnlK-l  A: 
Laureau,  Consulting  and  Contracting  Engineers,  and  later  became 
a  partner  in  that  company.  Mv.  Lindsay  was  well  known  among 
blast-furnace  managers  throughout  tiie  Unit<*d  States,  liaving, 
during  his  connection  with  Gordon,  Strobel  6c  I^ureau,  charge 
of  all  field  work.  In  1M>1  he  severed  his  connection  with  this 
company  and  became  manager  of  the  Barr  Pumj>ing  Engine  Com- 
pany of  Philadelphia.  lie  remained  with  this  c<>mpany  until  the 
beginning  of  1808,  at  which  time  he  accepted  a  position  as  (Jeueral 
Manager  of  the  Deering  Harvester  Company  in  Chicago,  each 
of  these  changes  resulting  in  a  position  involving  greater  respon- 
sibility and  ability.  In  the  summer  of  1898  he  returned  to  Phila- 
delphia, and  engaged  in  the  engineering  and  contracting  biL^iness 
for  himself  under  the  name  of  W.  W.  Lindsay  ct  Co.,  whieh  busi- 
ness he  carried  on  successfully  up  to  tin-  time  of  his  death  nn 
November  12,  11)02. 

Mr.  Lindsay  was  elected  t«»  the  nuMubership  of  the  Society  on 
May  17,  1892. 

.loIIN    ItUGAN    MAT  LACK,   .Ik. 

The  Society  has  suffered  during  the  year  from  the  death  of  the 
elder  Mr.  Matlack  and  of  the  subject  c.f  the  i)resent  sketch.  He 
was  born  in  Philadeli)hia  on  August  29,  1854,  and  after  high 
school  and  polytechnic  institute  training,  he  entered  the  employ 
of  the  Pennsylvania  Railway  as  rod-man.  In  1875  he  changed  to 
the  Philadelphia  and  Heading,  lu  1^77  and  for  five  years  he 
was  superintendent  of  K.  W.  Evans  S:  Company.  In  1SS2  he 
went  into  topr>gra])hical  work,  and  in  lSS:i  t<H>k  up  s<'worage  J»y«- 
tems  and  water  works  f(»r  the  town  <»f  Oh-aii,  New  Y«»rk.  In 
1885,  after  a  year  of  t()i)ngrapliical  work  again,  he  connecte<l  him- 
self with  the  firm  (»f  Iliehle  Brothers,  of  Philadelphia,  ami  was 
their  engineer  f<»r  numy  years. 

He  became  a   member  of  tin*  S«K'iety  in  1892,  and  hi».  death. 
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on  January  10,  '04,  was  the  result  of  a  railway  accident.  It  was 
not  considered  to  be  a  serious  injury  at  the  time,  but  resulted 
fatally  after  a  shoi-t  illness. 

EDGAR    HARRISON    MESSER. 

^fr.  Edgar  Harrison  Messer  was  born  at  Reading,  England,  on 
11th  Septenilx'r,  1867,  and  was  educated  at  Sidcot  School,  Somer- 
set, and  Bootham  School  at  York.  In  18S5  he  was  apprenticed 
to  Messrs.  W.  cVr  J.  Player,  engineers,  of  Birmingham,  and  was 
employed  there  for  three  years  in  the  fitting  shops  and  for  one 
year  in  the  drawing  office.  In  1889  he  proceeded  to  South  Africa, 
and  was  employed  for  two  years  as  an  erector  in  various  mines. 
Afterwards  he  was  appointed  Engineer-in-charge  of  the  New 
Primrose  Gold  Mining  Company's  stamp  mill,  cyanide  plant  and 
hoisting  works.  At  the  beginning  of  1893  he  became  Head 
Drauglitsman  to  ^Ir.  S.  B.  Connor,  Consulting  Engineer  to  the 
Consolidated  Gold  Fields  of  South  Africa.  With  the  exception 
of  a  visit  to  the  Australian  gold  fields,  extending  over  nine  months 
(1806-7),  he  continued  his  connection  with  the  Consolidated  Gold 
Fields  of  South  Africa,  as  Assistant  Mechanical  Engineer  under 
^Ir.  J.  B.  Pitchford,  and  later  under  Mr.  H.  C.  Behr,  whose  ap- 
preciation of  his  sen^ices  both  gentlemen  were  proud  to  acknowl- 
edge. Severing  his  long  connection  with  the  company  in  June, 
19(12,  he  joined  the  Britisli  Engineers'  Alliance  as  Chief  Engineer, 
whr-re  his  thorough  knowledge  of  every  detail  connected  with  the 
mining  industry  i)romised  him  a  brilliant  future.  His  career  of 
usefulness  was,  however,  cut  short  very  soon  after  joining  the 
Allianof.  C'ontracting  a  severe  cold,  which  developed  into  double 
pneumonia,  he  died  in  Johannesburg,  on  August  12,  1902,  in  his 
thirty-fifth  year. 

He  was  a  man  of  many  qualities,  genial,  open-hearted  and  a 
friend  to  all.  His  death  caused  quite  a  gloom  in  all  circles  of  the 
connnunity. 

He  Ijeeaine  a  member  of  the  Society  in  May,  1901. 

PAY    I)K    VEAUX    OLMSTED. 

Mr.  Fay  l)e  Veaux  Olmsted  was  born  in  Den\'er,  Colo.,  October 
3,  187.5.     He  died  in  Denver,  October  ^5,  190:5. 

At  the  time  of  his  birth  his  fjither  was  deejdy  interested  in  the 
8tndy  of  milling  methods  as  api)lied  to  the  ores  of  Clear  Creek 
County,  Colo.,  and  from  the  time  of  his  earliest  childhood  Fay 
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displayed  an  inclination  to  be  studious,  especially  alon^  the  line 
of  mechanics.  His  physical  constitution  was  never  ru^^red,  and 
as  a  result  he  was  not  permitted  to  enter  achool  until  ei<rht  years 
old.  In  his  studies  he  was  always  far  ahead  of  others  of  his 
age,  even  after  his  schooling  had  ended,  an«l  uj>  to  the  time  of 
his  death,  when  he  held  the  jMwition  of  Assistant  to  the  Chief 
Engineer  of  the  Telluride  Power  Com])any,  a  conccni  o|K'rating 
four  huge  power-generating  ])lants  in  Colorado,  I'tah  and  Mon- 
tana. In  all  but  name  he  was  Chief  P^ngineer,  as  Ins  su|M'rior 
was  absent  most  of  the  time,  and  his  loss  was  felt  keenly  by  the 
company  for  which  lie  worked,  by  his  associat(»s  and  by  his  many 
warm  friends  with  whom  lie  had  worke<l  in  various  j)art8  of  the 
country. 

In  1880  his  parents,  in  order  to  overcome  the  effects  «•!  a  liitrji 
altitude  on  his  nervous  system,  remove<l  to  California,  living  tirst 
in  Los  Angeles,  later  in  Tehachapi  an<l  finally  in  San  .Ia<-into, 
where,  on  May  8,  1891,  his  father  died,  llis  mother  then  re- 
turned to  Denver  with  her  three  boys.  Fay,  after  j)Utting  in  two 
years  at  the  East  Denver  High  School  and  after  exhibiting  marked 
genius  for  engineering  work,  was  sent  to  Ann  Arbor  to  complete 
his  preparatory  course  in  the  Ann  Arbor  High  S<'h(Md,  an<l  there- 
after to  enter  the  Cniversity  of  ^liehigan. 

In  Sej)teml)er,  ISJKJ,  his  mother  died  in  Denver,  and  he  was 
thrown  upon  his  own  resources  with  a  small  inheritance  which 
was  soon  exhausted. 

His  first  work  after  leaving  college  was  in  the  railnmd  .-.hops 
of  Clevelaiul  dining  the  winter  of  1-^1)7.  Through  the  follow- 
ing summer  be  ran  on  the  steamship  '*  North  Land  ''  on  the 
Great  Lakes  as  Assistant  Electrician.  That  autumn  he  was  em- 
ployed in  the  offices  of  the  Xorthern  Steauishii*  Company  at  Buf- 
falo, engaged  in  designing  and  draughting  in  connection  with  their 
repair  work,  and  that  winter  went  to  New  York  to  the  employ  of 
the  Edison  General  Electric  Company.  He  worked  with  this  com- 
pany as  an  Assistant  Superintendent  of  (\»nstrnction  until  Man-h. 
ISOO,  when  his  health  was  shattered  as  the  result  of  an  attack  of 
pneum(»nia  which  nearly  ended  fatally.  In  .\pril  following  lie 
came  back  to  Denver  in  the  In.pe  of  building  up  his  w<»akened  con- 
stitution, and  might  have  succeeded  had  he  continni'd  to  lea«l  tho 
out-door  life  into  which  he  <lrifted  in  .\ugust  of  that  year,  when 
he  obtained  a  position  with  the  Telluride  l*<»wor  Company:  but  hU 
worth  was  soon  discovered  bv  the  officials  of  that  company,  and 
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gnulually  he  was  advaneod  in  tlioir  service  until  he  became  the 
practical  head  of  the  engineering  department.  The  indoor  work 
which  came  with  promotion  was  more  than  his  frail  physique  could 
withstaniK  and  his  death  followed  soon  after. 

lie  became  a  member  of  the  Society  June,  1903. 

JULIUS    FR.    PAJEKEN. 

Mr.  Julius  Ft.  Pajeken  was  bom  on  September  16,  1843,  in 
Errmen,  (Jermany.  lie  was  the  son  of  a  well-known  scholar  and 
teacher,  Clemens  Albert  Pajeken.  He  went  to  school  in  Bremen 
until  lie  was  sixteen,  and  then  came  to  America,  and  served  his 
time  as  an  ap])rentice  in  the  Morgan  Iron  Works,  College  Point, 
L.  I.  After  this  lie  returned  to  Germany  and  studied  for  four 
years  in  the  Technical  High  School  at  Hanover.  His  first  position 
after  this  work  was  in  the  firm — as  a  draughtsman — of  Beyer, 
Peacock  6z  Co.,  Manchester.  In  1868  he  entered  the  employment 
of  Messrs.  L.  Schwa rtzkoj^f,  Berlin,  locomotive  builders,  and  was 
with  them  for  thirteen  years.  He  was  then  an  Engineer  Avitli 
the  Sachsischen  Maschinenfabrik,  Chemnitz ;  and  also  for  a  short 
time  in  1885  in  the  service  of  a  large  paper  manufacturer  in 
I>eipzig.  In  the  year  1888  he  was  appointed  the  Chief  Engineer 
of  the  firm  of  Ludw.  Loewe  &  Co.,  Actiengesellschaft,  Berlin,  and 
later  on  became  one  of  the  ^lanaging  Directors  of  the  Company, 
a  position  which  he  held  at  his  death  on  the  16th  December,  1902, 
with  siK'cial  duties  as  a  Manager  of  the  Machine  and  Tool  Works. 

Few  [K'ople  realize  what  it  means  to  create,  as  he  did,  a  great 
machine  tool  works,  ])uilt  and  e^piipped  almost  entirely  along  lines 
followed  in  a  country  over  3,000  miles  away  and  carrying  on  its 
industries  under  entirely  different  social  and  ])olitical  conditions. 
Mr.  Pajeken  to<^»k  a  special  interest  in  young  men,  and  many  of 
them  realize  themselves  to  be  indebted  to  him  for  wise  counsel  and 
snlj.-^fantial  assistance.  He  was  a  man  whom  it  was  a  privilege  to 
know.  He  had  an  astonishing  acquaintance  with  the  Knglish 
tongue,  speaking  it  as  fluently  and  idioiuatically  as  an  Knglish- 
man,  a  fact  which  no  doubt  assisted  liim  largely  in  making  friends 
in  Kn^land  and  America. 

He  Ix-came  a  member  of  the  Society  In  December,  1000. 

alp:xaxder  pollock. 
Mr.  PoUfK'k  connected  himself  with  the  Society  at  its  San  Fran- 
cwco  Meeting  in  1802.    He  was  born  in  Xew  York  City,  October 
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6,  1840,  and,  after  a  preparation  in  tin-  pii]>lio  sc1hm)1s  i»f  the  city 
and  college  of  the  city  of  New  York,  enU^red  the  Dcdainater  Iron 
Works  as  apprentice  in  the  machine  shop,  from  1857  to  1H61. 

lie  worked  in  the  dra\ving-r<K>ni  with  the  late  Capt.  Ericssim  an 
his  chief  from  18G2-1S(>(>,  the  interval  from  A|)ril,  ls<;i,  to 
August,  1862,  being  given  to  service  in  the  navy  as  acting  As- 
sistant Engineer.  He  served  also  as  SuixTint^-nding  Engineer 
for  Mr.  John  Baird  of  the  Cromwell  Steamship  Company. 

During  the  last  thirty-five  years  of  his  life,  he  ha<l  heen  in  busi- 
ness supplying  machinery  and  acting  as  contractor  for  its  erection. 
^fr.  Pollock's  death  occurred  on  September  3,  1!>()4. 

CLYDE  FITZ  RANDOLPH. 
Mr.  Clyde  Fitz  Kandolph  was  born  at  Salem,  W.  \'a.,  in  1875. 
After  graduating  from  Salem  College,  he  served  for  a  time  as  an 
apprentice  in  Plainfield,  X.  J.,  and  in  1807  entered  the  Mcciian- 
ical  Department  of  the  Wot  \'irginia  I'niversity,  from  whi<'h  lie 
graduated  in  1!K)0.  The  f(dlowing  year  he  studied  at  Sibley  Col- 
lege, Cornell  University,  receiving  the  degree  of  Mechanical  En- 
gineer in  llMll.  After  leaving  Cornell,  he  accepted  a  position 
with  the  Gray-Blaisdell  Machinery  Company,  I^radford,  Pa.,  and 
soon  was  promoted  to  the  |)osition  of  Chief  Draughtsman,  which 
position  he  held  until  Septendxr,  r.»n2,  when  he  resigned  to  ac- 
cept the  jx)sition  of  Instructor  in  Mechanical  Engineering  at  the 
West  Virginia  University.  His  work  as  an  instructor  in  machine 
design  was  of  such  high  onler  that  at  the  end  of  (me  year's 
service  he  was  made  Assistant  Professor  of  Me<'hanical  Engineer- 
ing and  placed  in  charge  of  the  instruction  in  machine  design  and 
drawing.  In  addition  to  his  work  mentioned  al>ove,  Profi--or 
Pandolph  had  designed  a  number  of  gas  engines,  air  eompressors 
and  special  machines  for  various  manufacturinir  coneenis.  Ho 
became  an  Associate  Mend>er  of  the  Society  in  June.  1003.  By 
his  death  the  faculty  of  the  West  Virginia  Pniver^ity  \o<o^  one 
of  its  most  able  and  popular  members.  He  died  at  Morgantown, 
W.  Va.,  May  16,  P.M).|. 

GEORGK    RICHMOND. 

There  are  few  men  who  have  Imcu  more  prominent  in  the 
growth  and  developnu'nt  of  the  refrigerating  industry  in  the 
United  States  than  (norge  liichmond,  whone  sudden  death  on 
June  4,   r.M)*l.  cann'  as  a  slMM-k  fo  hi-  frii-nd-    Ln.jm.^s  aK8oriat4*« 
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ana  [<>  the  luaiiy  who  knew  him  bv  reputation.  Ever  sinee  1S82 
Mr.  Ixichniond  had  been  closely  identilied  with  manufacturing  in- 
terests in  the  United  States,  not  only  as  a  patentee  and  manufac- 
turer of  refrigerating  machinery,  but  also  as  a  pioneer  in  the 
introiluction  of  oil  and  gas  engines  for  the  development  of  power. 
For  more  than  fourt<?en  years  he  had  been  intimately  connected 
with  the  De  La  Vergne  Machine  Company,  formerly  known  under 
the  name  of  the  De  La  Vergne  Refrigerating  Machine  Company, 
where  his  services  were  so  highly  appreciated  that  his  counsel 
and  advice  were  sought  in  almost  every  branch  of  the  company's 
business.  For  years  he  was  Consulting  Engineer,  not  only  in  the 
refrigerating  department,  but  also  in  the  construction  of  other 
machinery.  His  practical  knowledge  made  his  advice  invaluable 
in  the  sales  department,  which  he  supervised  for  several  years 
previous  to  his  death. 

^Ir.  Richmond  was  an  Englishman,  and  came  to  the  United 
States  in  18S0.  Soon  after  arriving  in  this  country  he  took  out 
several  patents  for  refrigerating  machinery  and  went  into  the 
manufacture  of  these  machines  under  the  firm  name  of  Wood 
&  Richmond  in  1882.  In  1891  Mr.  Richmond  formed  a  connec- 
tion with  the  De  La  Vergne  Refrigerating  Machine  Company  as 
Expert  Refrigerating  Engineer,  and  held  this  position  until  1804, 
when,  uj)on  the  death  of  George  F.  Meyer,  the  Consulting  Engi- 
neer of  the  Company,  he  succeeded  to  that  office. 

In  1805  a  new  department  was  created  by  the  De  La  Vergne 
Company,  under  the  name  of  Oil  Engine  and  Motor  Wagon  De- 
partment. Prior  to  tlie  o|>ening  of  this  department  Mr.  Rich- 
mond waH  sent  to  Europe  to  find  the  best  type  of  gas  or  oil  engine 
to  l>c  used  in  the  operation  of  ice  machines.  After  a  careful  in- 
vestigation, four  representative  types  of  kerosene  engines  were 
selected  and  sent  to  his  comi)any  to  be  tested.  After  careful  ex- 
periment under  his  sui)ervision  the  company  decided  to  adopt  an 
engine  called  the  IIornsby-Akroycl  Oil  Kngine,  which  had  first 
been  built  in  Grantham,  England,  by  llornsby  &  Sons,  Limited. 
The  efficiency  of  these  engines  proved  so  satisfactory  that  they 
have  }rt;('n  used  not  only  in  the  operation  of  ice  machines  but  for 
fnmi.Hhing  f>ower  for  r»ther  machines.  They  have  also  been  ex- 
tensively used  by  the  United  States  CJovernment  in  several  of  its 
departmentB.  Incirlcntally,  it  may  be  mentioned  that  Mr.  Ricli- 
mond  long  ago  recognized  the  iiii|Mirtance  of  the  use  of  motor 
vehicles  and  gave  considerable  attention  to  the  subject. 
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Recopiizing  that  the  time  was  not  far  distant  when  gas  would 
supersede  steam  in  the  development  of  power  for  lar^c  engines, 
Mr.  Riehmond,  as  Consulting  Engineer  for  his  companv,  again 
went  to  Europe  in  1!K)1.  After  a  careful  ins|)eetion  of  gas  en- 
gines in  use  in  iMinjpe,  he  returned  to  this  countrv,  and  in  his 
report  strongly  recommended  that  the  company  ac(|uirc  the  right 
to  manufacture  and  sell  the  Korting  Doubh-.Vcting  Two-Cvch? 
Gas  Engine.  His  recommendation  was  accepted  and  the  company 
immediately  proceeded  to  acquire  the  right  and  entered  into  the 
manufacture  of  these  engines. 

The  scientific  and  practical  services  which  Mr.  Richmond  had 
rendered  to  his  company  induced  it  to  further  call  upon  him,  and 
he  was  placed  in  cliarge  of  the  sales  dei)artment,  which  under  his 
direction  was  ably  administered  until  the  day  of  his  death. 

Since  1880  Mr.  Richmond  had  been  an  active  meml)er  of  the 
American  Society  of  Mechanical  Engineers,  and  was  one  of  the 
managers  from  1S97  to  1000.  He  contributed  several  most  valu- 
able papers,  which  were  read  before  the  Society,  among  which  the 
following  may  be  mentioned  :  ^'  Xotes  on  the  Refrigerating  Rnx-ess 
and  Its  Proper  Place  in  Thermodynamics,"  *^  The  Refrigerating 
Machine  as  a  Heater,"  ^'  Thermodynamics  Without  the  Calculus," 
'^  A  Simple  Calculating  ^lachine."  He  was  also  apjwinted  on  a 
committee  of- the  Society  to  establish  a  standard  for  conducting 
engine  testa,  as  his  research  and  intimate  knowledge  of  gas  and 
oil  engines  made  him  particularly  fitted  to  aid  the  Society  in  the 
determination  of  this  important  (piestion. 

^Ir.  Richmond  was  a  mend)er  of  the  Engineers'  Chd»,  ami  lately 
had  b(U'n  one  of  the  moving  spirits  in  the  organization  of  a  StH'iety 
of  Refrigerating  Engineers. 

For  the  last  few  years  he  had  been  engage«l  in  the  invention 

and  |)erfecting  of  devices  and  appliances  which  would  hmIucc  the 

cost  of  the  manufacture  of  ice.     One  of  the  most  inii>ortant  workrt 

which  has  been  left  incomplete  by  his  death  is  n  treatise  on  tho 

subject  of  refrigerati<»n,  which  he  had  hoped  to  have  published  in 

the  near  future. 

.lOIIN   A.    IKK'IIR 

"Mr.  R(Klie  has  the  interesting  proniinen<-e  of  Inking  one  of  tho 
several  mend)ers  of  the  Society  who  have  taken  activ*'  part  in 
p(»liticnl  achievement  by  becoming  incnmlM-nt.H  of  n'si>onsible  eW- 
tive  offices.  Mi.  Pwoclie  ser\ed  the  City  of  Chicatro.  111.,  a-*  its 
Mayor,  after  tifteeii  years  of  senice  in  business  ndations  as  Man- 
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airor  of  the  Clik-airo  lumsr  of  J.  A.  Fay  (^  Coin])any,  niamifac- 
tiirrrs  of  wood-working"  niachinerv. 

Mr.  Koohe  entered  mechanical  engineering  lines  bv  becoming 
an  apprentice  in  the  Allaire  Works  at  New  York,  which  he  com- 
pleted in  1804.  From  1864-1868  he  was  engaged  in  steam  engin- 
eering in  Boston,  in  connection  with  J.  R.  Robinson,  during  which 
time  he  designed  and  sn])erintended  the  construction  of  steam 
])lants  of  various  kinds.  In  1868  he  came  to  the  citv  of  Chicago, 
was  subseijuently  one  of  the  proprietors  and  superintendent  of  the 
K(diance  Works,  making  a  specialty  of  wood-working  machinery. 
From  this  relation  he  entered  the  life-long  connection  with  J.  A. 
Fay  ct  Com])any,  acting  as  designer  and  contractor  for  the  equip- 
ment of  car  and  machine  shops,  and  in  the  design  of  special  ma- 
chinery to  meet  the  requirement  of  this  type  of  establishment. 

^Ir.  Roche  allowed  his  membership  to  lapse  after  his  term  as 
Mayor  had  turned  his  interests  aAvay  from  mechanical  matters, 
but  he  resumed  his  membership  in  August,  1902.  His  first  con- 
nection was  at  the  Xew  York  Meeting  in  1886.  He  died  February 
10,  1004. 

JOHN  RUGGLES  SLACK. 

Mr.  John  K.  Slack,  until  recently  Superintendent  of  Motive 
Power  of  the  Delaware  and  Hudson  R.R.,  died  of  tubercular  men- 
ingitis in  Xew  York  C'ity,  August  1,  1904.  Mr.  Slack  was  born 
June  24,  1863,  at  Flshkill-on-Hudson,  Xew  York.  He  attended 
Columbia  College,  graduating  there  in  1884,  and  two  years  later 
graduated  from  Stevens  Institute  of  Technology. 

He  was  with  the  Xew  York  Central  and  Hudson  Iliver  Rail- 
road in  tlie  Motive  Power  l)e])artment,  until  1888,  when  he  was 
afjjKMnted  ^Icchanical  l^ngineer  for  the  Central  Railroad  of  Xew 
Jersey.  In  July,  b^89,  he  was  made  assistant  superintendent  of 
motive  [K>wer  of  the  Delaware  and  Hudson,  and  in  January,  li)02, 
was  advanced  to  Superintendent  of  ^Fotive  Power.  At  the  time 
of  liis  death  .Mr.  Shu-k  occnpi^'l  llic  j)ositi()n  of  Assistant  to  the 
General  Sui)erintendent  of  tlio   last  mentioned    roa<I. 

lie  became  a  mendier  of  the  Society,  December  6,  1899. 

HKNItV    F.    SXKLL. 

On  the  20th  day  of  Oct(»l)(r  tlicrc  passed  away,  in  Philadelphia, 

one  of  the  most  faithful  attendants  upon  tlic  recurring  meetings 

of  the  Society.      Mr.  Snejj  begiin  liis  profcssiounl  ejireer  previous 

to  the  widespread  of  the  technical  scliool,  and  began  his  profea- 
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sional  work  witli  a  Civil  Engineer,  and  under  private  instnietion, 
in  1852.  In  1855  he  entered  the  service  of  the  City  P^nj^neer  of 
Lowell,  Mass.,  and  later,  in  lsr)7,  attached  hiniseif  to  the  pro- 
prietors of  looks  and  canals  of  the  Merrimack  Kivcr  nnch'r  Mr. 
James  B.  Francis.  For  ten  years,  from  ISO^-lsT.*},  he  was 
Mechanical  Engineer  and  draftsman  with  the  A  Hen  Works  of 
Boston.  In  the  latter  year,  he  connected  himself  with  the  house 
of  B.  F.  Sturtevant,  with  whom  he  remained  either  in  lioston  or 
in  Philadelphia,  with  a  year's  intermission  of  practice  under  his 
own  name,  until  the  time  of  his  death. 

Mr.  Snell  will  be  rememlK»red  as  one  of  the  participants  in  the 
excursion  to  Enirland,  in  lss!>,  and  as  a  delighted  partaker  in  all 
the  fun  that  attached  to  that  enjoyahlc  trip. 

WILLIAM    WALLACE. 

'Mr.  William  Wallace  died  in  Washington,  D.  C,  ;Nray  20,  1004, 
in  the  eightieth  year  of  his  age.  He  was  horn  in  England  in  1S25; 
he  early  came  to  this  coimtry.with  his  father  and  <'st4ii)lished  the 
firm  of  Wallace  <Sz  Sons  at  Ansonia,  Conn.,  which  scmju  Ixramr  one 
of  the  leading  manufacturers  of  coj)j)er  and  hrass  alloys  in  tlie 
United  Stat4:^s.  Becoming  assfx*iated  with  Prof.  M«>ses  (J.  Farmer, 
they  began  the  manufacture  of  a  compound  telegraph  wire,  consist- 
ing of  a  steel  core  and  an  electroty|H'd  cop|KT  covering,  thus  giving 
conductivity  and  strength,  cond)in('d  with  lightness.  In  1S70,  at 
the  Centennial  Exhibition,  ^Ir.  W:illac(»  brought  out  the  Farnier- 
Walhice  Dynamo  ^lachinc,  with  whi«'h  the  Imildinir**  were  succcs.«»- 
fuUy  lighted,  being  the  earliest  general  electric  lighting  in  this 
country.  A  year  or  two  later  he  devised  a  plat^'  are  lam|>  for  use 
with  this  machine,  by  means  of  which  a  numlM-r  of  arc  lights  could 
be  placed  in  series  on  the  circuit,  thus  originating  the  series 
method  of  arc  lighting  now  so  common.  Mr.  Wallace  was  greatly 
interested  in  scientific  (piestions  and  had  fitted  up  a  ]alM>ratorv  in 
his  house  for  experimental  purposes.  lie  constructed  an  in<luc- 
tion  coil  of  large  size,  which  at  that  time  was  une<pnilled  in  this 
country.  ]\o  was  regarded  as  one  of  the  leading  authoritic'*  in 
the  Fnited  States  on  the  alloys  of  copper,  zinc  and  tin. 

^Ir.  Wallace  was  genial  and  agreeable  in  manner  and  willing, 
to  assist  others  in  every  ]>ossible  way.     For  some  years  he  had 
lived  quietly  in  Washington,  si>ending  liis  time  in  working  with 
his  microscojH',  in  the  use  of  which  lie  had  Inx-ome  ex|V'rt. 

^\r.  Wallace  became  a  mend>er  of  the  Society  in  Xoveniber, 
1S90. 
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JOHN  Q.  WRIGHT, 
^[r.  John  Q.  Wright,  a  veteran  in  the  machine  tool  business, 
passed  away  with  death  by  his  own  hand  on  the  16th  of  October, 
1003.  lie  was  for  a  time  General  Superintendent  of  the  works 
of  the  Putnam  Machine  Company,  and  for  many  years  their  rep- 
resentiitive  in  charge  of  the  New  York  office.  He  joined  the 
S.M-ioty  at  its  Pittsburg  Meeting  in  1884. 
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